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ABSTRACT
Six patients who underwent hamstring autograft ACL reconstruction were 
randomized into either Usual Care physiotherapy or the Staged Rehabilitation program. 
Patients in the Staged Rehabilitation program met with a physiotherapist at Fowler 
Kennedy Sports Medicine Clinic at two and six weeks post-surgery to go over a 12 week 
home-based program. At 12 weeks post-surgery, they continued their rehabilitation 
supervised by a physiotherapist focusing on sport-specific exercises. Patients in the 
Usual Care group met with a physiotherapist and scheduled supervised physiotherapy 
visits according to the therapist’s usual practice.
This study did not find any statistically significant differences between groups for 
patient reported outcomes (ACL-QOL, LEFS, SF-12, IKDC Subjective, and P4), range of 
motion, hop testing and strength at six months post-surgery. These are the preliminary 
results of a larger continuing study; therefore definitive conclusions cannot be made.
Keywords: anterior cruciate ligament, ACL, physiotherapy, home-based, rehabilitation, 
reconstruction, hamstring autograft
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CHAPTER 1: INTRODUCTION
Anterior cruciate ligament (ACL) injuries are one of the most common knee 
injuries to occur during sport and ACL reconstruction is the sixth most common 
orthopaedic procedure.52 Under the current physiotherapy regimen, only 65-75% of 
patients who undergo ACL reconstruction return to their pre-injury level of sport.12 
Current ACL rehabilitation protocols progressively place increased emphasis on range of 
motion and weight bearing during the earlier phases of rehabilitation65,39 and 
neuromuscular, perturbation and sport specific training during the later phases of 
rehabilitation, with the overall goal of attaining optimal dynamic stability of the limb and 
safe return to pre-injury levels of function.39
In 1997, Treacy et al. conducted a retrospective review of 34 patients who were 
rated as either non-compliant or minimally compliant with their rehabilitation instructions 
and compared their outcomes to 30 patients who were extensively supervised during their 
physiotherapy. Both groups were prescribed the same rehabilitation protocol and were 
asked to attend three physiotherapy sessions per week for the first three months, followed 
by two visits per week for the next three months. Patients were assessed on range of 
motion, clinical tests and activity level. Investigators found that of the noncompliant 
group (16 patients) who averaged 1.7 visits, only 62% returned to their pre-operative 
level of function, while of the minimally compliant group (18 patients) who averaged 12 
visits, 94% returned to their pre-operative level of function. In comparison, the highly 
compliant group who averaged 60 physiotherapy visits; 93% returned to their pre­
operative level of function. Statistically significant differences were found for all 
outcomes between non-compliant patients and both minimally compliant and compliant
patients. These investigators concluded that some level of post-operative supervised 
physiotherapy is ideal; however it may not be as necessary to participate in extensive 
physiotherapy.63
To date, only five studies have analyzed the influence of home-based 
rehabilitation following ACL reconstruction. In a 1997 study, 37 patients who underwent 
ACL reconstruction were randomized into one of two groups: a clinic-based program or a 
home rehabilitation program. Both treatment groups were provided with pre-operative 
education classes by a therapist and physician. The home rehabilitation group received 
education and individualized exercise based programs monitored by a physiotherapist. 
Although patients in the home rehabilitation group met with physiotherapists on day three 
and day ten post-operatively, decisions concerning the number of post-operative 
physiotherapy sessions were determined between the physiotherapist and patient. Data 
regarding knee range of motion, activity level, function, quality of life and compliance 
with exercise were reported pre-operatively, at three months and one year post- 
operatively. No significant difference was found between either treatment group for all 
outcomes measured.57 This study was limited in sample size and although investigators 
present reports on cost associated with each group, no true economic analysis was 
performed.4
Similarly, Fischer et al. (1998) randomized 54 patients who underwent ACL 
reconstruction into a home-based or clinic-based rehabilitation program. Home exercise 
booklets were divided into four phases (restoration of range of motion, beginning 
functional strengthening, advanced functional strengthening, improvement of speed and 
agility) and provided to both groups. Unlike the study conducted by Schenck et al.,
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patients were prescribed a set number of physiotherapy sessions for each group with six 
supervised physiotherapy visits for the home-based rehabilitation group and 24 
physiotherapy visits for the clinic-based rehabilitation group over six months. Data 
regarding function, health, ligament tests and range of motion were measured. No 
statistical difference was found between either treatment group on all outcomes 
measured.21 Limitations of this study included small sample size, no description of the 
method of randomization and no mention of blinding of the outcome assessor.4
In a study conducted by Beard and Dodd in 1998, 31 patients receiving ACL 
reconstruction were randomized into a group receiving a home program or into a group 
receiving a home program in addition to supervised rehabilitation. The home program 
alone group consisted of patients performing exercises at home or using alternative 
commercial/private facilities and attending follow-up appointments (more frequent at the 
beginning of rehabilitation and more dispersed towards the end of rehabilitation) at the 
physical therapy department for education, assessment and progression of rehabilitation 
program. Patients in the home program with supervised rehabilitation group were 
required to attend a supervised physical therapy class twice a week for at least 12 weeks, 
in addition to the home program. Function, strength, quality of life and activity level was 
measured for 26 patients, as investigators excluded five patients from the study. No 
statistical differences were reported for all outcomes measured between either treatment 
groups.10 One limitation of this study included was the small sample size.4
In a 2005 Canadian study, 145 patients who underwent ACL reconstruction were 
randomized into a standard physical therapy-supervised rehabilitation program (PT 
group) or a home-based rehabilitation program (HB group). The HB protocol was
3
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developed through the collaboration of information from scientific literature, orthopaedic 
surgeons across Canada and from surgeons who provided patients for the study, as well 
as physical therapists. All patients attended a pre-operative education class two weeks 
prior to surgery; however patients were not provided a copy of the information covered 
during this session. Patients in the HB group met with a physical therapist one, three, six 
and 12 weeks after surgery to review each of the four phases of the HB program. Patients 
in the PT group were also provided with the rehabilitation program and were to see a 
physiotherapist of their choice twice a week for weeks two through seven and once a 
week for weeks eight through 12 post-surgery. Assessors who measured range of motion 
and gait were blinded to group assignment. Results showed that the HB group had 
significantly more ‘acceptable’ knee range of motion (flexion, 67% vs. 47%; extension, 
97% vs. 83%); however no significant differences were present in any of the other 
outcomes. A sub-group analysis was conducted between those who were able and those 
who were unable to attain 50% strength compared to the other leg. Results showed that a 
greater proportion of individuals in the HB group were able to attain greater than 50% 
strength.31
Similar results were reported in a 2005 study conducted in Turkey, where 104 
patients treated with arthroscopic ACL reconstruction using autogenous hamstring 
tendons were randomized into a clinic-based or home-based rehabilitation program. 
Patients in the home-based rehabilitation program were provided with a home exercise 
booklet and were seen by physical therapists weekly for the first six weeks, bi-weekly for 
the second six weeks and monthly for physical examination and measurements. 
Researchers did not discuss the clinic-based protocol. Patients were assessed for knee
function, pain and range of motion. Although improvements were seen in all outcomes 
measured, no significant differences were observed between groups. Many limitations 
were present in this study including no description of the randomization process, blinding 
or information regarding the rehabilitation program for either treatment, as well as a 
probable gender bias where all but one patient was male.64
Few studies have reported the total costs associated with rehabilitation for ACL 
patients. Treacy et al. (1997) went on to calculate the total cost for physiotherapy for the 
minimally compliant and control groups and found it to be $1000US for 12 visits and 
S6000US for 60 visits respectively (p < 0.05). In addition, Schenck et al. reported that 
patients in the home rehabilitation group averaged 2.85 physiotherapy visits for a total 
cost of $225, in comparison to the clinic-based program, who averaged 14.2 
physiotherapy visits for a total cost of $930, at $55 per visit.57 Currently in Ontario, the 
cost for a physiotherapy session can range from $95 to $120 an hour to $23.75 to $30 for 
15 minutes.19
The Ontario Health Insurance Plan (OHIP) covers seniors, 65 years or older and 
children, 19 years and younger, for a maximum of 100 visits at a designated OHIP 
physiotherapy clinic.29 Other patients are covered for physiotherapy through third party 
insurance. Third party insurance coverage is different for each individual and can vary 
from coverage for a certain percentage of the visit (e.g. 80% reimbursement, maximum of 
$500/year16, 70% reimbursement, maximum of $300/per year for all practitioners 
combined62), certain amount per visit (e.g. $20 reimbursement for each assessment, 
maximum of 25 appointments,51 or an overall amount per year (e.g. $250 per practitioner 
or $600 for all practitioners combined41).
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With the total cost of physiotherapy being greater than third party insurance 
coverage, there is a need to investigate different strategies to redistribute resources to 
optimize recovery after surgery. This information has prompted the investigation of a 12 
week home-based physiotherapy program, followed by supervised physiotherapy in 
comparison to usual care, to allow patients to focus on sport-specific exercises and use 
their insurance coverage towards the later stage of rehabilitation. While other studies 
have focused on range of motion and strength, we believe that sport-specific training in 
the later phase of rehabilitation is the most important and may potentially be helpful in 
preventing re-injury.
6
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CHAPTER 2: LITERATURE REVIEW
2.1 Anatomy
The knee joint is the largest synovial joint of the body, consisting of articulation 
between two femoral condyles and the superior surface of the tibia and between the 
patella and patellar surface of the femur. Two fibrocartilaginous menisci separate the two 
bones, each attached at the ends to facets in the intercondylar region of the tibial plateau. 
The menisci are responsible for improving the congruency between the femur and tibia to 
allow smooth movements. Since the articulating femur and tibia do not lock, the knee 
joint is reinforced by the patellar ligament and two collateral ligaments (medial and 
lateral) and supported by two cruciate ligaments (anterior and posterior). The anterior 
cruciate ligament (ACL) travels obliquely from the lateral and posterior aspect of the 
knee joint, originating on the medial surface of the lateral femoral condyle, to the medial 
and anterior aspect of the knee, inserting anterior to and between the tibial spines. This 
ligament is believed to be approximately 31 to 38 millimeters in length and 11 
millimeters in diameter. The ACL is comprised of two distinct bundles: the anteromedial 
bundle and posterolateral bundle. As the knee moves from extension to flexion, the 
alignment of the bundles changes to form a crossing pattern. When the knee is in 
extension, the insertion sites on the femoral condyle are oriented vertically, with the 
anteromedial bundle superior to the posterolateral bundle, resulting in the bundles being 
parallel to one another. The posterolateral bundle is tightest in extension, while the 
anteromedial bundle is more relaxed in this position and reaches maximal tightness 
during 60 degrees of knee flexion. As the knee moves into 90 degrees of flexion, the 
femoral insertion sites align horizontally due to the anteromedial insertion site rotating
inferiorly and posteriorly and the posterolateral insertion site rotating superiorly and 
anteriorly. This results in the two bundles twisting around each other and forming the 
crossing pattern.52
2.2 Function
The ligaments in the knee are primarily responsible for limiting motion of the 
bones with respect to each other, while transmitting tensile forces to resist movement 
outside their limits. The ACL is primarily responsible for limiting anterior tibial 
translation with respect to the femur. As a secondary role, the ACL limits internal and 
external tibial rotation, which is more pronounced in extension and presents limited 
restraint to varus-valgus angulations in extension.5’52
The ACL contains mechanoreceptors that are responsible for detecting changes in 
speed, tension, direction of movement and position of the joint. It is believed that the 
sensory information provided from the ACL assists in coordination of muscle activity 
which results in functional stability of the knee.40
2.3 Mechanism of Injury
Numerous studies have analyzed the mechanism causing an ACL injury through 
retrospective interviews, medical charts, observational video analyses, in vivo and in 
vitro biomechanics and computer simulations.58 In a 2008 New Zealand study, 
investigators analyzed 238,488 reported knee ligament injuries from the Accident 
Compensation Corporation (ACC) from July 2000 to June 2005. Mechanism of injury 
was classified into one of four categories: direct contact (external force applied directly to 
the knee and was the probable cause of injury), indirect contact (external force applied to
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the athlete but not directly to the knee and probably not the direct cause of injury), 
contact unknown (insufficient data on the type of contact) or non-contact (force applied 
to the knee resulted from the athlete’s own movement and no external contact from 
another athlete or object). Of the 7,375 anterior cruciate ligament surgeries, 3,997 of 
these injuries were sport-related. Of these, a non-contact mechanism of injury accounted 
for 47% of sport-related ACL injuries, followed by contact injuries, which could be 
direct, indirect or contact unknown (34%). There was insufficient information provided 
for 19% of sport-related injuries. The mechanism of injury for the remaining 3,378 ACL 
surgeries was not reported.28
In a systematic review conducted by Shimokochi and Shultz (2008), mechanisms 
of non-contact injuries were investigated through retrospective studies, observational 
studies and studies that assessed ACL loading through in vivo, in vitro and computer 
simulations from 1950 to 2007. A total of seven observational or retrospective studies 
were identified, as well as seven studies using in vivo, 18 studies using in vitro and eight 
studies using computer simulation. Investigators found that out of the 369 injuries 
reported from the observational and retrospective studies, many of the non-contact ACL 
injuries occurred when landing from a jump (125 injuries) or from sudden deceleration of 
the body while running, with or without a change in direction (111 injuries). Shimokochi 
and Shultz also found that ACL ruptured individuals often reported knee movement in 
multiple planes of motion (e.g. valgus knee motion with internal or external rotation of 
the knee while in hyperextension or shallow knee flexion (five degrees to 20 degrees)). 
Studies using observational video were also consistent with these findings. The authors 
comment that limitations such as difficulty in the ability of a patient to recall their injury
9
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after elapsed time, or the inability to determine when the ACL injury occurred through 
observational data, are present when using retrospective and observational data.58
Similar results were found in a 2009 systematic review that analyzed the 
mechanisms and risk factors associated with ACL injuries in soccer players.2 A Medline 
database search was conducted on articles written between 1985 and 2008 that studied the 
mechanisms of non-contact ACL injuries. Investigators found that many of the 
mechanisms for ACL injuries were due to change in direction combined with 
deceleration, landing from a jump in or near full extension and pivoting of the knee on a 
planted foot with the knee near full extension. They also noted that pure knee internal or 
external rotation or valgus and varus moments did not strain the ACL to a greater degree 
in comparison to knee movement in multiple planes.2
Boden et al. (2000) also reported similar findings when interviewing 89 athletes 
who attended the Duke University Sports Medicine clinic following an ACL injury, along 
with 27 videotapes obtained from professional and collegiate teams from the United 
States of America. All of these athletes were provided with a questionnaire to obtain 
information about the patient’s age, sporting activity, weather conditions, playing surface, 
type of footwear, level of activity, position of lower extremity at the time of injury, type 
of contact, as well as measurements of hamstring flexibility and knee recurvatum. The 
results of these questionnaires were compared to 28 age matched athletes who acted as 
controls. Investigators found that a non-contact mechanism of injury accounted for 70% 
of these ACL injuries, with deceleration with or without change in direction, as the most 
common non-contact mechanism (54%), followed by landing after a jumping event 
(37%). Statistically significant differences were seen between patients with ACL tears
and the controls for hamstring flexibility (ACL ruptured patients presented greater 
flexibility based on how far forward they could bend with their knees locked) and knee 
recurvatum measurements (-3.96° at 10° hip flexion and 0.04° at 90° hip flexion for ACL 
ruptured patients versus 1.57° at 10° hip flexion and 10° at 90° hip flexion for controls). 
When analyzing 23 of the 27 videotapes, 65% of the injuries viewed were classified as 
non-contact mechanisms, with sharp deceleration with (40%) or without (27%) a change 
in direction accounting for the vast majority, followed by landing on one or two legs 
(33%). Investigators noted that the reliability of the questionnaires was not assessed and 
that difficulty in the ability for a patient to recall the exact mechanism of injury was 
present.14
2.4 Epidemiology
The incidence of ACL injuries in specific sports such as basketball, football and 
soccer, at various levels of sport, age and between genders has been reported in many 
studies 6’7'17'28. However, few studies have documented the incidence of this injury in the 
general population. A 2008 New Zealand study analyzed the number, type, and costs 
associated with knee ligamentous injuries that occurred over a five year period. Of the 
238,488 knee ligamentous injuries claimed, 9,197 patients underwent surgery, with 7,375 
(80%) of these identified as anterior cruciate ligament surgeries. The incidence rate (the 
number of injuries divided by the corresponding population times the number of study
years multiplied by 100,000) was reported to be 36.9 for anterior cruciate ligament
• 28 surgeries.
In a 1991 study conducted in Denmark, investigators analyzed the number and 
type of knee injuries that occurred over a one year period at two emergency departments
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within the specified community.49 Out of the 47,850 patients seen at the emergency 
departments within that year, 2,923 (6%) patients sustained knee injuries. Of these 2,923 
patients, 76 sustained an isolated or combined injury to the ACL. Based on this data, the 
rate of occurrence was calculated to be 0.3 ACL injuries per 1,000 inhabitants per year.
In a follow-up of the Scandinavian (Denmark, Norway and Sweden) national ACL 
registries, a 2009 study analyzed the total number of ACL injuries registered since the 
establishment of each registry (Norway (June 2004), Sweden (January 2005), Denmark 
(July 2005)). The total number of ACL reconstructions reported was 4,972 in Denmark, 
5,329 in Norway and 7,331 in Sweden. The annual incidence of ACL reconstructions 
was reported with Demark presenting the highest incident at 38 per 100,000 inhabitants, 
followed by Norway at 34 per 100,000 inhabitants and Sweden at 32 per 100,000 
inhabitants. It is important to note that patients with an ACL injury who did not receive 
surgical treatment were not included in the registries analyzed by this study, thus not 
accounting for all ACL injuries.30
In a 1986 study conducted by DeHaven and Lintner, an attempt was made to 
quantify the number of athletic injuries in a sample population drawn from students and 
members of the community who visited the sports medicine department at the University 
of Rochester from May 1975 to July 1983. Information was gathered with respect to age, 
gender, sport of injury, diagnosis and treatment for 3,431 patients. A total of 135 (3.9%) 
patients sustained a sprain to the ACL, with males accounting for 80% of these injuries. 
The authors commented that their sample may not have represented the true incidence of 
ACL injuries in the general population, as the study was unable to determine the injury
12
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rates (number of injuries per 100 participants per season) and did not specify what 
qualified as a sprained ACL.17
2.4.1 Incidence in Specific Groups -  Sport and Gender
Several studies report the incidence of injury in specific sports and groups of 
people, such as females and collegiate individuals. In the 2008 New Zealand study, ACL 
surgeries were primarily reported to be sports-related injuries, with 65% of ACL injuries 
occurring during recreational play or sport. A total of twelve sports accounted for 89% of 
sport related ACL injuries, with rugby, netball and soccer as the top three sports.28
In comparison, Prodromos and Brown (2008) conducted a review of peer- 
reviewed articles that focused primarily on ACL injuries. After conducting a 
computerized search, reviewing the articles and bibliography and eliminating articles that 
did not present numerical data on complete ACL tears, 33 articles were further analyzed. 
Data was presented based on sport, level of competition and gender. According to their 
review, basketball and soccer accounted for the highest number of ACL tears with 2,754 
and 4,916 injuries respectively; while rugby, volleyball, wrestling and indoor soccer were 
found to present the lowest number of ACL tears out of 11 sports.52
Similar results were found in a study conducted by Arendt and Dick (1995). Data 
collected from the National Collegiate Athletic Association Injury Surveillance System 
(NCAA ISS) from 1989 to 1993 was used to evaluate knee injuries within males and 
females who participated in basketball and soccer. The authors chose these two sports to 
analyze as they provided similar rules and playing conditions for both males and females. 
Knee injuries were found to be more prevalent among female players, with the injury rate
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(number of injuries per 1,000 athlete exposures) being more than double that of a men’s 
soccer game (0.31 versus 0.13) and four times that of a men’s basketball game (0.29 
versus 0.07)8. In 1999, Arendt, Dick and Agel further analyzed the NCAA ISS database 
by comparing their data from the above mentioned study to data collected from 1994 to 
1998. They found that women continued to present a high rate of injury for basketball 
(injury rate for women (0.33) versus men (0.12) and soccer (injury rate for women (0.29) 
versus men (0.10).6
Similar results were also found in a 2006 study that compared data for soccer, 
basketball and lacrosse from the NCAA ISS database. Data was analyzed based on 
gender, number of ACL injuries and athlete exposures for each sport from 1989 to 2004, 
excluding 1996-1997. Investigators found a similar trend with women presenting higher 
incidence rates than men for soccer and basketball; however, they found that men 
presented a higher rate of ACL injury (0.17) in lacrosse as compared to men’s basketball 
(0.08) and soccer (0.12) and women presented a lower rate of injury (0.18) in lacrosse as 
compared to basketball (0.28) and soccer (0.32).43
More recently, Hootman et al. (2007) compared all 16 sports from the NCAA ISS 
database from 1988 to 2004. Data on injury rates (number of injuries per 1,000 athlete 
exposures) by sport and time of year, along with mechanism of injury, distribution of 
injuries by body part and rates of select injuries were reported. Approximately 5,000 
ACL injuries were reported, with football accounting for 53% of ACL injuries. Similar 
results were found where the top three sports that presented the highest rate of injury for 
women were gymnastics (0.33), soccer (0.28) and basketball (0.23), while for men it was 
football (0.18), soccer (0.09) and basketball (0.07).33
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Other investigators have looked at different populations (e.g. military population) 
to analyze the incidence of ACL injuries. A 2007 study analyzed the incidence rate of 
ACL injuries at the United States Military Academy at West Point from graduating 
students in class years 1994 to 2003. A total of 353 ACL injuries were reported, with 
men accounting for 292 of these injuries. They reported similar results with football 
accounting for 34.8% of the ACL injuries to men, followed by rugby (15.2%) and 
basketball (8.3%). Women’s ACL injuries occurred most often in basketball (17.6%), the 
gymnastics course (13.7%), soccer (9.8%) and the indoor obstacle course (9.8%). The 
investigators reported that it might be difficult to generalize their data to the general 
population, as the military athletic population was very different.47
2.5 Treatment
2.5.1 Diagnosis
When diagnosing an ACL tear, clinicians will often begin by obtaining the history 
and mechanism of injury from the patient, followed by clinical diagnostic tests to 
determine if the ACL is tom. In general, there are three ligament tests performed as part 
of the clinical examination to determine if the ACL has been tom. These include the 
Lachman test, the anterior drawer test and the lateral pivot shift test.52
The Lachman test is a modification of the anterior drawer test, where the patient 
lies supine with their knee at 20 to 30 degrees of flexion. The examiner stabilizes the 
femur with the ‘outside hand’, while the other hand is placed over the posterior aspect of 
the proximal tibia. The examiner should apply an anterior translation force. A positive 
test is evidenced by increased tibial translation (compared to the contralateral limb) with
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a soft end feel when the tibia is displaced. An end feel is defined as the sensation felt by 
the examiners as the joint - reaches the end of its available range of motion 3. The 
Lachman test has a reported sensitivity of 85% (95% Cl, 83-87) and a specificity of 94% 
(95% Cl, 92-95), and has been shown to be a good diagnostic measure for both acute and 
chronic ACL injuries.37,11
The anterior drawer test is performed by having the patient lie supine, with their 
hip flexed at 45 degrees and knee flexed at 90 degrees. The examiner stabilizes the foot 
by placing it under their thigh in order to prevent tibial rotation and places both thumbs 
on either side of the patellar tendon on the tibial plateau, while their fingers are placed in 
the popliteal fossa to ensure that the hamstrings are relaxed. The examiner applies an 
anteriorly directed force to the proximal tibia to judge the amount of tibial translation 
(greater than six millimetres is not normal) and determines if an end feel exists. A 
positive test could indicate a possible injury to the ACL, MCL, posterolateral and 
posteromedial capsule, IT band or posterior oblique ligament. A limitation with this test 
is that if only the ACL is tom, a negative test may be elicited because the other structures 
will limit the movement of the tibia. Although the anterior drawer test is widely used, it 
presents low specificity (58% [95% Cl, 39-76]) and sensitivity (49% [95% Cl 43-55]) 
rates in acute injuries; however in chronic injuries, the sensitivity and specificity rates are 
higher (92% [95% Cl, 88-95] and 91% [95% CI, 87-94], respectively).37,11
The lateral pivot shift test is one of the most difficult tests to perform as the 
motion replicates one possible mechanism of injury and thus may make it difficult for the 
patient to fully relax during the manoeuvre, especially if the patient experienced 
significant pain with previous assessment with this test. The patient begins by lying in a
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supine position with their legs extended. The examiner holds the patient’s ankle with the 
examiner’s ipsilateral hand and internally rotates and flexes the knee, while applying a 
valgus stress on the lateral side of the proximal tibia with the contralateral hand. A 
positive test is evidenced by anterior subluxation of the lateral tibial plateau. The pivot 
shift test has a high specificity rate (98% [95% Cl, 96-99]); however, this stress test has a 
low sensitivity rate in both acute and chronic settings (32% [95% Cl, 25-38] and 40% 
[95% Cl, 29-52], respectively).3711
Clinicians also assess the patients for presence of effusion, range of motion, joint­
line tenderness (to assess concurrent meniscal pathology), as well as assessing both 
collateral ligaments.35 Finally, clinicians can also use radiographs, arthroscopy or 
magnetic resonance imaging (MRI) to confirm their clinical findings. Radiographs are 
typically negative as they provide images of bone; however they may assist in 
determining if any fractures or avulsions are present. MRI on the other hand is non- 
invasive and has demonstrated good image quality of bone and soft tissue pathology 27. 
While MRI is a sensitive test, it is not used routinely in Canada unless a diagnosis is 
unclear or the clinician suspects additional injuries.35,52
2.5.2 Conservative Treatment versus Surgical Treatment
Several studies have analyzed the benefits of conservative and surgical treatments 
for patients following ACL tears. In a 2008 prospective cohort study, 125 patients who 
had sustained an ACL rupture between August 2003 and October 2005 were asked to 
attend a rehabilitation program for at least three months before deciding to continue with 
non-operative management or to proceed with ACL reconstruction. Of the 125 patients
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included at baseline, 102 patients were included in follow-up. Baseline data showed that 
patients who self-selected the non-operative treatment (52 patients) were significantly 
older, presented less giving way episodes, and performed significantly better on 
functional testing as compared to the ACL reconstructed group (50 patients). At one year 
follow-up, no one from the non-operative group had crossed over to the surgical group 
and on average, after adjustment for differences presented at baseline, the non-operative 
group performed significantly better on the single and triple hop for distance, while the 
ACL reconstructed group presented significantly higher results using the International 
Knee Documentation Committee (IKDC) knee form and knee function visual analog 
scale (VAS). A sub-group analysis between patients who returned to pre-injury activity 
level and those who did not showed that those who did return to pre-injury activity level 
presented significantly better results on the IKDC for both treatment groups. Patients 
from the non-operative group who returned to pre-injury activity level scored better on 
the Knee Outcome Survey Activities of Daily Living Scale (KOS-ADLS) and reported 
fewer episodes of giving way than the patients who did not return to pre-injury activity 
level from the non-operative group.45
Ageberg et al. (2008) conducted a cross-sectional cohort study that included 54 
patients with ACL tears (36 patients treated with training and surgical reconstruction and 
18 patients treated with training only). Patients’ muscle function was assessed between 
two to five years after injury using the hop test and strength testing. No significant 
differences were found between groups in all outcomes, except for the side hop, where 
the surgical treatment group presented significantly better limb symmetry index values. 
Investigators commented that this finding might be explained by a greater number of
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hops in the uninjured leg in the training group only. Investigators also noted that 41% of 
the patients contacted for this study did not attend the assessment and that the majority of 
patients who did participate in this study were primarily patients who were surgically 
treated (61%).a
Also in 2008. Meuffels et al., matched 25 patients diagnosed with ACL tears who 
had been treated for ten years with conservative treatment, with 25 patients who 
underwent ACL reconstruction between 1994 and 1996. Patients were matched on age, 
gender and pre-injury Tegner activity score. Patients were assessed for knee stability, 
activity level, quality of life and a one-leg hop test. The only statistically significant 
difference between the groups was found in knee stability testing, with conservative 
treatment patients showing greater anterior tibial translation.42
In a 2010 study conducted in Sweden, 141 patients with ACL tears recruited from 
the Department of Orthopaedics at Helsingborg Hospital and Lund University Hospital 
were randomized into one of two treatment groups: structured rehabilitation plus early 
ACL reconstruction (early reconstruction group) or structured rehabilitation with the 
option of ACL reconstruction (optional delayed reconstruction group). A total of 12 
patients were excluded from the analysis due to MRI findings (eight had an intact ACL, 
one did not have an acute ACL injury, two had grade three MCL injuries and one had an 
extensive meniscal tear) and 8 were excluded at the time of surgery (two had an intact 
ACL, six had extensive meniscal fixation), resulting in 121 patients (62 patients in early 
reconstruction group and 59 patients in optional delayed reconstruction group). 
Rehabilitation for all patients was supervised by physiotherapists at nine outpatient 
clinics and consisted of four levels, each focusing on range of motion, muscle function
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and functional performance. Patients were required to meet the pre-determined goals at 
each level before progressing to the next level. Patients in the early reconstruction group 
had surgery performed within ten weeks after injury by one of four surgeons, while 
patients in the optional delayed reconstruction group who requested surgery (23 of 59 
patients) also received surgery by the same surgeons. Patients were evaluated at baseline 
and at three, six, 12 and 24 months after randomization for activity level, quality of life 
and function. No significant differences between treatment groups were found for quality 
of life and activity level, however, at two years, patients in the early reconstruction group 
presented with significantly less tibial translation than the optional delayed reconstruction 
group.26
Other studies have tried to determine whether certain characteristics (e.g. level of 
activity, age, knee instability) play a role in determining whether an individual should 
choose conservative treatment or surgical treatment. In a study conducted by Fitzgerald 
et al. (2000), 93 patients with unilateral ACL tears were screened using hop tests, as 
described by Noyes et al., strength testing, quality of life and number of giving way 
episodes. Data from the first 18 patients was used to establish criteria for non-operative 
and operative management groups. A total of 39 patients were classified as non­
operative management based on the following criteria: (a) global rating of 60% or higher, 
(b) no more than one episode of giving way since the incident injury to the time of 
screening, (c) Activities of Daily Living Scale score of 80% or higher, and (d) timed hop 
test of 80% or higher. Of these 39 patients, 11 chose to have surgery and 28 attempted 
the rehabilitation program consisting of muscle strengthening, agility skill training and 
sport-specific skill training for two to three times a week for three to five weeks. A total
of 79% of the 28 non-operative patients were able to return to pre-injury levels of 
activity; however nine elected surgery after completing their season. Investigators also 
noted that patients who were able to return to high level of activity presented greater than 
90% scores on self-reported measures. The authors emphasized that the screening 
criteria developed for their study may not have been applicable for patients who desired 
long-term participation in high levels of activity, as their follow-up was relatively short­
term.24
In a 2001 study by Fink et al., 183 patients who sustained an ACL injury 
between 1981 and 1983, were evaluated over two time periods based on range of motion, 
quality of life, activity level to determine if sports activity was a dependent variable for 
non-operative and operative treatment. Of the 72 patients who had undergone ACL 
reconstruction, 52 (72.2%) participated in the first follow-up and 46 (63.9%) participated 
in the second follow-up; whereas of the 41 patients who participated in the non-operative 
treatment, 32 (78.1%) took part in the first follow-up and 25 (61%) participated in the 
second follow-up. No significant differences were present between groups for any 
additional injuries sustained (one patient in the operative group suffered a partial graft 
rupture which was treated with debridement) or in maximum knee extension and flexion. 
Patients in the operative group rated themselves significantly better in quality of life 
outcome measures than did the non-operative group. The non-operative group 
demonstrated increased knee laxity over time and in side-to-side differences, and knee 
related limitations at work. Both groups presented a significantly lower participation for 
high-risk and low-risk pivoting sports due to knee pathology at the first follow-up and 
due to unrelated knee pathology at the second follow-up. Investigators also noted that
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both groups developed mild to moderate degenerative changes over time with a 
significant correlation between arthritic changes and participation level in high-risk sports 
for non-operative patients.20
Several studies have analyzed the influence of age as a determining factor for 
operative and conservative treatment. In a 1996 study, 203 patients with ACL 
reconstructed knees were evaluated pre-operatively and at three, six, 12 and 24 months 
post-operatively based on activity level, strength and clinical and radiographic 
examinations. Of these patients, 33 were categorized in group one (patients 40 years of 
age and older), while 170 patients fell into group two (patients 39 years of age and 
younger). No statistical differences were found for activity levels, or clinical knee laxity 
testing. Group one however presented a higher percentage of chondral damage on the 
femoral and tibial surfaces (76%) as compared to group two (56%). Group one also had a 
significantly higher presence of patellar crepitus pre-operatively (30% versus 15%), 
which increased in follow-up by the same percentage for both groups (58% versus 27%). 
The investigators concluded that based on their findings, the age of 40 years should not 
be a barrier for recommending ACL reconstruction.9
There is still much to be understood regarding the benefits of conservative 
treatment and operative treatment. Patient factors such as activity level, associated 
injuries and knee instability should be considered when deciding on the best treatment 
option for patients following ACL injury.
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2.5.3 Surgical Treatment Options
Anterior cruciate ligament (ACL) reconstruction is the sixth most common 
orthopaedic procedure performed 52. Two primary reconstruction techniques are used by 
orthopaedic surgeons for ACL reconstruction: allograft and autograft. Common allograft 
sources for ACL reconstruction include patellar tendon, quadriceps tendon, Achilles 
tendon, tibialis anterior and tibialis posterior and ACL harvested from another human 
donor. The use of an allograft is appealing therefore as there is no donor site morbidity 
for the recipient. This option however is limited in availability, presents a potential 
variation in biologic response of the recipient, risks disease transmission, requires sterility 
considerations and can be costly.5
The bone-patellar tendon-bone graft and semitendinosus and gracilis tendons are 
two common recipient sources used for autograft reconstructions. Compared to the 
allograft, autografts present a low risk of disease transmission5, but include the risk of 
donor site morbidity including anterior knee pain, tenderness, disturbance of anterior 
knee sensitivity, greater quadriceps weakness and inability to kneel for bone-patellar 
tendon-bone grafts and quadriceps and greater hamstring weakness for semitendinosus 
and gracilis tendon autografts.36
The advantages of using a bone-patellar tendon-bone graft include its great 
biomechanical strength and the ability of the bone plugs to remain fixed within the tibial 
and femoral tunnels due to early bone to bone healing; however, patients do experience 
patellofemoral pain, ligament rupture, and patellar fracture. In the event that a bone- 
patellar tendon-bone autograft is being used, donor site morbidity presents as one of the
greatest disadvantages. To avoid these potential complications, some surgeons use the 
semitendinosus and gracilis tendon grafts. The main advantage of this graft type is that 
there is a low incidence of donor site morbidity. Other advantages include greater 
elasticity, smaller drill holes for insertion and decreased risk of patellofemoral pain. 
Disadvantages of this technique include lack of rigid bone healing, longer graft healing 
time to bone and flexion weakness, especially in the inner range of motion such as greater 
than 60° flexion.5,35,32
In a systematic review conducted in 2010, comparisons between autograft and 
allograft ACL reconstructions were made based on 31 studies that met the inclusion 
criteria. Each graft was evaluated based on the pivot shift, KT-1000™/2000™ 
arthrometer assessments (MEDmetric® Corporation, San Diego, California), Lysholm 
scores, IKDC scales, graft failure rate and complication rate. No significant differences 
were found between either graft type for pivot shift tests, KT-1000™/2000™ arthrometer 
testing when considering side-to-side differences of less than three millimeters, Lysholm 
scores, rate of graft failures or complication rate. Average arthrometer readings were 
statistically significant with autograft patients presenting greater laxity (1.8 mm +/- 0.1 
mm) compared to allograft patients (1.4 mm +/- 0.2 mm), while the percentage of 
patients who scored an A (normal) on the IKDC scale was statistically more significant 
for allograft patients (43.9% +/- 5.5% versus 28.2% +/- 1.0%). A sub-group analysis 
comparing bone-patellar tendon-bone autografts and hamstring autografts to pooled 
allografts was performed. Results revealed that the allograft group presented 
significantly less mean instrumented laxity in comparison to both autograft groups, with 
the bone-patellar tendon-bone autograft presenting better scores in comparison to the
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hamstring autografts. The bone-patellar tendon-bone autograft group however presented a 
greater percentage of patients with instrumented laxity greater than three millimeters as 
compared to the hamstring autograft group. The hamstring autograft group revealed a 
greater percentage of patients receiving an A (normal) or B (nearly normal) on IKDC 
scores (95.2% +/- 0.8%) as compared to the allograft group.25
2.6 Rehabilitation for Surgical Candidates
2.6.1 Home-Based Rehabilitation
Rehabilitation is an essential part of a full recovery from ACL reconstruction to 
be able to return to the previous level of sport participation. Over the last 30 years, 
several studies have evaluated various aspects of rehabilitation following with ACL 
reconstruction. These include continuous passive motion, early weight-bearing, bracing, 
home-based rehabilitation, accelerated rehabilitation, open and closed kinetic chain 
exercises, and neuromuscular and perturbation training to name a few.4'56,67 For the 
purpose of this study, focus was primarily on home-based rehabilitation and 
neuromuscular and perturbation training.
To date, only five studies have analyzed the influence of home-based 
rehabilitation. In a 1997 study, 37 patients who underwent ACL reconstruction were 
randomized into one of two groups: a clinic-based program or a home rehabilitation 
program. Both treatment groups were provided with pre-operative education classes by a 
therapist and physician. The home rehabilitation group consisted of patient education and 
individualized exercise based programs monitored by a physiotherapist. Although 
patients in the home rehabilitation group met with a physiotherapist on day three and day
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ten post-operatively, decisions after this and for the clinic-based program concerning the 
number of post-operative physiotherapy sessions were determined between the 
physiotherapist and patient. Data regarding knee range of motion, activity level, 
function, quality of life and compliance with exercise were reported pre-operatively, at 
three months and at one year post-operatively. No significant differences were found 
between either treatment groups for all outcomes measured. Investigators report that 
patients in the home rehabilitation group averaged 2.85 physiotherapy visits for a total 
cost of $225, in comparison to the clinic-based program, who averaged 14.2 
physiotherapy visits for a total cost of $930, at $55 per visit.57 This study was limited in 
sample size and although the investigators presented reports on costs associated with each 
group, no true economic analysis was performed.4
Similarly, Fischer et al. (1998) randomized 54 patients who underwent ACL 
reconstruction into a home-based or clinic based rehabilitation program. Home exercise 
booklets were divided into four phases (restoration of range of motion, beginning 
functional strengthening, advanced functional strengthening, improvement of speed and 
agility) and provided to both groups. Unlike the study conducted by Schenck et al., 
patients were prescribed a set number of physiotherapy sessions for each group with six 
supervised physiotherapy visits for the home-based rehabilitation group and 24 
physiotherapy visits for the clinic based rehabilitation group over six months. Data 
regarding function, health, ligament tests and range of motion were measured. No 
statistical differences were found between either treatment groups on all outcomes 
measured.21 Limitations to this study included small sample size, no description of the 
method of randomization and no mention of blinding the outcome assessor.4
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In a study conducted in 1998, 31 patients receiving ACL reconstruction were 
randomized into a home program or a home program in addition to supervised 
rehabilitation. The home program alone consisted of patients performing exercises at 
home or using alternative commercial/private facilities and attending follow-up 
appointments (more frequent at the beginning of rehabilitation and more dispersed 
towards the end of rehabilitation) at the physical therapy department for education, 
assessment and progression of rehabilitation program. Patients in the home program with 
supervised rehabilitation were required to attend a supervised physical therapy class twice 
a week for at least 12 weeks, in addition to the home program. Function, strength, quality 
of life and activity level was measured for 26 patients, as investigators excluded five 
patients from the study (one patient in each group did not attend the final measurement, 
two patients in home program in addition to supervised rehabilitation did not attend the 
class sufficiently and one patient in the home program had complications and required 
further arthroscopic assessment). Despite the home-based program with supervised 
rehabilitation presenting a slight increase in muscle strength as compared to the home- 
based program, no statistically significant differences were reported between groups for 
all outcomes measured.10 A limitation of this study was its small sample size.4
More recently in a Canadian study conducted by Grant et al., 145 patients who 
underwent ACL reconstruction were randomized into a standard physical therapy- 
supervised rehabilitation program (PT group) or a home-based rehabilitation program 
(HB group) developed through the collaboration of information from scientific literature, 
orthopaedic surgeons from across Canada and from surgeons who provided patients for 
the study, as well as physical therapists from the University of Calgary Sports Medicine
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Centre. All patients attended a pre-operative education class two weeks prior to surgery; 
however, investigators did not provide the information covered during this session. 
Patients in the HB group met with a physical therapist from the University of Calgary 
Sports Medicine Centre at one, three, six and 12 weeks after surgery to go over each of 
the four phases of the HB program. Patients in the PT group were also provided with the 
rehabilitation program and were to see a physiotherapist of their choice twice a week for 
weeks two through seven and once a week for weeks eight through 12 post-surgery. 
Assessors who measured range of motion and gait were blinded to group assignment. 
Results showed that the HB group had significantly more acceptable knee range of 
motion (flexion, 67% vs. 47%; extension, 97% vs. 83%); however no significant 
differences were present in any of the other outcomes at 12 weeks post-surgery. A sub­
group analysis was conducted between those who were able and those who were unable 
to attain 50% strength as compared to the other leg. Results showed that a greater 
proportion of individuals in the HB group were able to attain greater than 50% strength 
than those in the PT group.31
Similar results were reported in a 2005 study conducted in Turkey, where 104 
patients treated with arthroscopic ACL reconstruction using autogenous hamstring 
tendons between 2001 and 2004 were randomized into a clinic-based or home-based 
rehabilitation program. Patients in the home-based rehabilitation program were provided 
with a home exercise booklet and were seen by physical therapists weekly for the first six 
weeks, bi-weekly for the second six weeks and monthly for physical examination and 
measurements. The clinic-based protocol was not provided. Patients were assessed for 
knee function, pain and range of motion. Although improvements were seen in all
outcomes measured, no significant differences were observed between the two groups. 
Many limitations were present in this study including no description of the randomization 
process, blinding or information regarding the rehabilitation program for either treatment 
protocol, as well as a probable gender bias where all but one patient was male.64
2.6.2 Neuromuscular Training
Neuromuscular function is the complex interaction between sensory and motor 
pathways. After an ACL rupture, the biomechanics of the knee are altered, which leads 
to reduced strength, performance, alterations in movement and muscle activation patterns 
and proprioceptive deficiencies.55 Neuromuscular training is believed to improve the 
ability to generate fast muscle firing pattern, increase dynamic joint stability and to re­
learn movement patterns ,55 Few studies have analyzed the influence of neuromuscular 
training after an ACL rupture. Risberg et al. (2007) randomized 74 patients following 
ACL reconstruction into a neuromuscular training program (balance, dynamic joint 
stability, plyometrics, agility and sport specific exercises) or a strength training program. 
Patients were assessed for pain, strength, function and quality of life outcome measures 
pre-operatively and at three and six months post-operatively. No significant differences 
were found between groups (67 patients) pre-operatively and at three months post- 
operatively. A significant improvement in self-reported functional measures was found 
in the neuromuscular training patients (Effect size = 0.89, p<0.05), but there was no 
statistically significant differences between groups for pain and strength. The 
investigators noted a few limitations to their study including a lack of power for many of 
the secondary outcomes and an inability to collect all data when some equipment failed.54
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In 2006, Myer et al. proposed a retum-to-sport neuromuscular rehabilitation 
program for patients following ACL reconstruction. The rehabilitation program consisted 
of four phases in which the patient had to meet the criteria of the one phase before 
progressing to the next phase. The initial phase focused on improving single limb weight 
bearing strength, side-to-side symmetry and weight-bearing single limb postural balance, 
while the second phase focused on improving lower extremity non-weight bearing 
strength, force contribution symmetry during activities in bipedal stance and single limb 
landing forces strategies through strength, balance and perturbation exercises. The third 
phase focused on improving single limb power production, muscular endurance and 
biomechanics during plyometric activities. The fourth phase focused on sport-specific 
skills and training, improving confidence and stability in change of direction activities, 
and using safe biomechanics during plyometric exercises. Each phase and criteria for 
progression was developed based on previous literature and validated tests. Investigators 
noted that further study was required in order to test the reliability, validity, and long­
term outcomes of the proposed rehabilitation program. It is also important to note that 
the equipment used for many of the proposed exercises (e.g. treadmill, resistance bands, 
BOSU training device) may not be readily available to everyone.48
2.6.3 Perturbation Training
Few studies have examined the benefits of perturbation training in the final phase 
of rehabilitation to assist patients in returning to sport. Perturbation training is often used 
to re-establish neuromuscular control and dynamic stability of the knee. Exercises 
involve controlled delivery of forces to the body from various directions, while the 
patient stands on an unstable surface. In 2000, Fitzgerald et al. proposed non-operative
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guidelines to assist patients following ACL injury return to their pre-injury level. A total 
of 28 participants qualified based on examination by a surgeon and were randomly 
assigned to either a standard rehabilitation program or a standard rehabilitation program 
combined with perturbation training. The standard rehabilitation program consisted of 
resistive exercises, cardiovascular training, agility skill training and sport specific skill 
training. Perturbation training involved anteroposterior, mediolateral and 
multidirectional perturbations on various platforms (e.g. tiltboard, rollerboard, etc.) and 
on both single and double limbs. Patients were assessed on self-reported measures, 
functional testing and knee laxity. Investigators found that a greater number of 
participants in the standard rehabilitation group had unsuccessful rehabilitation (p < 
0.05), while subjects in the perturbation training group were found to be 4.88 times (95% 
Cl: 0.75, 31.72) more likely to have a successful outcome.22 In 2000, Fitzgerald et al. 
proposed practice guidelines for non-operative ACL rehabilitation using perturbation 
training, however, the long term effects of these guidelines were not evaluated.23
2.7 Summary
An ACL rupture is estimated to have an average injury rate of 0.3 (per 1,000 
inhabitants per year) and is often due to a non-contact, multi-directional mechanism. 
Researchers have studied the benefits of conservative and operative treatment; however 
there is still much to be understood regarding the benefits of both. Patient factors such as 
age, activity level, associated injuries and knee instability should be considered when 
deciding on the best treatment option for ACL ruptured patients.
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In addition, better research is needed to understand the benefits of home-based 
physiotherapy. This can be achieved by conducting a randomized trial with adequate 
sample size, appropriate outcome measures, adequate length of surveillance and true cost 
analysis. The incorporation of a home-based 12 week program followed by sport-specific 
exercises, and perturbation and neuromuscular training towards the end phases of 
rehabilitation, may enable patients to return back to their pre-injury level of activity.
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CHAPTER 3: OBJECTIVE
The primary objective was to compare outcomes between patients who underwent 
a unilateral hamstring autograft anterior cruciate ligament reconstruction followed by a 
staged physiotherapy program with those who underwent the usual care physiotherapy 
program. Outcomes measured included quality of life, range of motion, function and 
strength at six months.
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CHAPTER 4: METHODOLOGY
4.1 Eligibility Requirements
Patients between the ages of 15 and 40 years, who were undergoing a unilateral 
hamstring autograft anterior cruciate ligament (ACL) reconstruction, were eligible to 
participate in this study. Patients were excluded from participating in the study if they 
had undergone previous ACL reconstruction on either knee, required bilateral ACL 
reconstruction, required repair or reconstruction of the posterior cruciate ligament or 
medial collateral ligament, were not undergoing a hamstring autograft reconstruction, had 
a past/present history of metabolic bone, collagen, crystalline, degenerative joint or 
neoplastic disease, a chondral defect requiring treatment, a femoral, tibial or patellar 
fracture (other than Segond fractures), did not speak, understand or read English , had a 
cognitive impairment or psychiatric illness that precluded informed consent or rendered 
the patient unable to complete questionnaires, had no fixed address or no means of 
contact, or had a major medical illness where life expectancy was less than two years.
4.2 Subject Recruitment
The study was conducted at the Fowler Kennedy Sports Medicine Clinic in 
London, Ontario, Canada. A total of 202 patients undergoing ACL reconstruction from 
August 2010 until mid-May 2011 at the London Health Sciences Centre University 
Hospital in London, Ontario were screened for eligibility by the clinics four orthopaedic 
surgeons. Of these, 84 patients did not meet the eligibility requirements (see Figure 1). 
Eligible patients were contacted by a member of the research team who explained the 
study and obtained consent. Each study patient was made aware that his/her involvement
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in the study was voluntary and that he/she was free to discontinue his/her involvement at 
any point in his/her rehabilitation.
Assessed for Eligibility (n= 202)
2 weeks post-surgery (n = 9) 
- 1 withdrew from study
6 weeks post-surgery (n = 9)
12 weeks post-surgery (n = 8) 
- 1 withdrew from study
Figure 1: Flow of patients through the trial
Details of Ineligibility:
- < 15or > 40 years (n= 53)
- Previous ACL surgery on 
either knee (n=33)
- Required repair or 
reconstruction of the posterior 
cruciate ligament or medial 
collateral ligament (n=l)
- Not undergoing a hamstring 
autograft reconstruction (n=15)
- Had a past/present history of 
metabolic bone, collagen, 
crystalline, degenerative joint 
or neoplastic disease, a 
chondral defect requiring 
treatment (n= 11)
Required bilateral ACL surgery 
(n=l)
Did not speak, understand or 
read English (n=l)
Other (cancelled surgery) (n=l)
*Note: some patients were excluded
for more than one criteria
Excluded (n = 191)
- Ineligible (n = 84)
- Postponed Surgery (n =11)
- Refused to Participate (n= 20)
- Missed (unable to reach patient) 
(n = 76)
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4.3 Randomization
Patients were randomized on a 1:1 basis to one of two groups, 1) Usual Care 
Physiotherapy Program, or 2) Staged Physiotherapy Program by the research student 
using a web-based randomization system. Randomization took place after surgery 
assuming the patient still met the eligibility criteria. Randomization was in permuted 
mixed block sizes of two and four and was stratified by the surgeons (RL, KW, JRG, and 
ML), according to the presence or absence of meniscal repair and whether or not the 
patient attended the Fowler Kennedy Sports Medicine Clinic for their physiotherapy.
4.4 Interventions
4.4.1 Control: Usual Care
Patients randomized to the Usual Care group attended their first consultation with 
a physiotherapist at approximately one week post-surgery. The physiotherapist was 
provided with the ACL Protocol (currently provided to all patients who have undergone 
an ACL reconstruction at the Fowler Kennedy Sport Medicine Clinic) (see Appendix D). 
The surgeon’s instructions on the requisition to the physiotherapist were to progress 
through the protocol as the therapist saw fit. It was up to the physiotherapist and patient 
to discuss and schedule physiotherapy visits according to the therapist’s usual practice 
and the patient’s funding, family and work situation (all factors determining the 
frequency and duration of physiotherapy following ACL reconstruction).
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4.4.2 Experimental: Staged Rehabilitation
Patients randomized to the Staged Rehabilitation program attended one 
appointment with a physiotherapist at the Fowler Kennedy Sports Medicine Clinic (NA 
or BW) at two weeks post-surgery where they received a copy of the home-based 
program (designed by MW and GA; see Appendix C), which was 12 weeks in duration. 
At this appointment, the therapist reviewed the first six weeks of the program with the 
patient to ensure that he/she understood how to perform each exercise. At six weeks post­
surgery, the patient returned to the Fowler Kennedy Sports Medicine Clinic to meet again 
with a physiotherapist (NA or BW) who then assessed the patient’s progress. If the 
patient met the objectives from the first six weeks of the program, the therapist 
demonstrated and assigned the final six weeks of the home program. If the patient did not 
completely meet the objectives of the first six weeks, the therapist re-assigned the 
exercises from the first six weeks and demonstrated and assigned the final six weeks of 
the program. The patient was then encouraged to work on the entire program at home. 
Patients for whom there was a significant delay in expected progress were encouraged to 
attend additional supervised physiotherapy visits. The number of physiotherapy visits 
was recorded on the cost form for both groups.
Patients in the Staged Rehabilitation program returned to the Fowler Kennedy 
Sport Medicine Clinic at 12 weeks post-surgery where they received a copy of the ACL 
Protocol (same protocol as provided to the Usual Care group). The patient continued their 
rehabilitation under the supervision of a physiotherapist of their choice (Fowler Kennedy 
Sports Medicine Clinic or community clinic). The surgeon’s instructions to the 
physiotherapist were to start sport-specific rehabilitation.
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4.4.3 Both Groups
Both groups were seen by their orthopaedic surgeon at two weeks, six weeks, 12 
weeks and six months post-surgery. The surgeon was blinded to the randomization 
group. At six weeks, the surgeon evaluated the patient’s progress by answering yes or no 
to the following questions: Does the patient demonstrate, 1) an inability to bend their 
knee at least 80 degrees (knee flexion), 2) an inability to straighten their knee by greater 
than 10 degrees (knee extension), 3) an inability to contract and hold their quadriceps 
muscle, 4) an inability to perform a straight leg raise, and 5) a quads avoidance gait 
pattern? If the surgeon answered ‘yes’ to any of these questions the patient was asked to 
increase their visits to a physiotherapist. The number of visits to any clinician was 
recorded on the cost form.
At 12 weeks, the surgeon evaluated the patient’s progress by answering yes or no 
to the following questions: Does the patient demonstrate, 1) an inability to bend their 
knee at least 90 degrees (knee flexion), 2) an inability to fully straighten their own knee 
(active and passive knee extension) or 3) a quads avoidance gait pattern? If the surgeon 
answered ‘yes’ to any of these questions the patient was asked to increase their visits to a 
physiotherapist. The number of visits to any clinician was recorded on the cost form.
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4.5 Primary Outcome Measures:
4.5.1 Disease Specific Quality of Life:
ACL Quality o f Life Questionnaire (ACL-QOL):
The ACL Quality of Life questionnaire used was a 32 item disease specific 
quality of life self-administered measure for patients with ACL deficiency. It consisted 
of five separate domains: symptoms and physical complaints (five items), occupational 
concerns (four items), recreational activity and sport participation (12 items), lifestyle 
(six items) and social and emotional aspects (five items). Each item was measured using 
a 100 millimetre visual analog scale (VAS), with labelled anchors at zero millimetres 
(e.g. extremely difficult) and 100 millimetres (e.g. not difficult at all). A patient’s score 
was calculated using an online database by converting the average of each of the five 
domain scores to a total average score out of 100%, where 100% represented the best 
possible score. This instrument had face validity and had demonstrated content and 
construct validity, excellent test-retest reliability (standard error of measurement (S.E.M) 
= 6%) and was responsive to change.44 The ACL Quality of Life questionnaire was 
evaluated at baseline (pre-operative) and at two, six, 12 weeks, and six months post­
surgery. Patients were asked to complete this questionnaire online using a secure online 
database.
4.5.2 Lower Extremity Functional Questionnaire:
Lower Extremity Functional Scale (LEFS):
The Lower Extremity Functional Scale used was a 20 item, self-administered functional 
scale for patients with a lower extremity orthopaedic condition. Each item had five
possible response options ranging from zero (extreme difficulty or unable to perform 
activity) to four (no difficulty). The scale was one page in length and could be completed 
in less than two minutes. A patient’s score was calculated using an online database by 
adding the responses for all items (each item has a maximum score of four), for a 
maximum overall score of 80, which represented a high functional level. The LEFS had 
been shown to be a valid measure of function, was responsive to change, and was highly 
reliable. A minimal detectable change and minimal clinically important difference was 
found to be nine points.13 The LEFS questionnaire was evaluated at baseline (pre­
operative) and at two, six, 12 weeks, and six months post-surgery. Patients were asked to 
complete this questionnaire online using a secure online database.
4.6 Secondary Outcome Measures:
4.6.1 Knee Specific Quality of Life:
International Knee Documentation Committee (IKDC) Subjective Knee Form:
The IKDC Subjective Knee Form used was an 18 item knee specific questionnaire 
designed to detect change in symptoms (seven items), sports activities (ten items) and 
function (one item) in patients with a variety of knee conditions, including ligament and 
meniscal injuries, articular cartilage lesions and patellofemoral pain. The number of 
response options for each question varied between two options (yes or no) (one item), 
five options (14 items) and 11 options (three items). A patient’s score was determined 
using an online database by calculating the difference between the raw score and lowest 
possible score and then dividing this difference by the range of possible scores, 
multiplied by 100. The final score ranged from zero to 100, where 100 represented the 
best possible score (no limitation with activities of daily living or sports activities and the
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absence of symptoms). This instrument had face validity and had demonstrated construct 
validity, excellent test-retest reliability (ICC -  0.94, 95% Cl 0.88 to 0.97), and was 
responsive to change. A true change in the IKDC Subjective Knee form was determined 
to be a score of ±9.0.34 The IKDC Subjective Knee form was evaluated at baseline (pre­
operative) and at two, six, 12 weeks, and six months post-surgery. Patients were asked to 
complete this questionnaire online using a secure online database.
4.6.2 Generic Health:
Short Form Health Survey (SF-12):
The SF-12 Health Survey was a 12 item generic health questionnaire that 
evaluated eight domains including physical functioning, role physical, bodily pain, 
general health, vitality, social functioning, role emotional and mental health. These eight 
domains formed two overall scores: Physical Component Score (PCS) and Mental 
Component Score (MCS). Component scores were computed aggregates of all eight 
domain scores where the weight of each domain score was different for each component 
score and were calculated using an online database. This instrument had been found to 
be valid, reliable and responsive to a wide variety of populations.65 The SF-12 Health 
Survey was evaluated at baseline (pre-operative) and at two, six, 12 weeks, and six 
months post-surgery. Patients were asked to complete this questionnaire online using a 
secure online database.
4.6.3 Pain:
Four-Item Pain Intensity Measure (P4):
The P4 is a four-item questionnaire that evaluated the level of pain present for a 
patient over the past two days. The patient was to report the level of pain they
experienced in the morning, afternoon, evening and during activity. Each item had ten 
response options ranging from zero (no pain) to ten (pain as bad as it can be). The 
patient’s score was calculated by a research student by adding the score from each item, 
to give a possible maximum score of 40. The P4 questionnaire had demonstrated good 
longitudinal validity, test re-test reliability (0.78, [95% Cl 0.72, 0.83]) and a minimally 
detectable change of nine points.59 The P4 questionnaire was evaluated at baseline (pre­
operative) and at two, six, 12 weeks, and six months post-surgery. Patients were asked to 
complete this questionnaire online using a secure online database.
4.6.4 Range of Motion (ROM):
Passive knee extension and active-assisted knee flexion tests were performed by 
one research student using a universal goniometer.
Passive Knee Extension: The patient was seated with both legs extended on a 
table, heel propped so that the calf and upper thigh clear treatment table. The patient was 
instructed to relax both quadriceps and hamstrings to ensure passive measurement; force 
was not applied to the knee.
Active-assisted Knee Flexion: The patient was seated with both legs extended on 
a table. He/she was then instructed to perform active-assisted knee flexion by placing 
one hand under his/her thigh to initiate flexion and then clasp both hands just below the 
tibial tuberosity to assist heel slide to maximum knee flexion.
The axis of the goniometer was placed over the lateral epicondyle of the femur by 
the research student. The stationary arm was aligned parallel to the longitudinal axis of 
the femur, while the movable arm was aligned parallel to the longitudinal axis of the
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lateral malleolus. Measurements were taken for the unaffected knee first, followed by the 
affected knee. Goniometrie measurements have demonstrated excellent intra-tester 
reliability for knee extension and flexion, as well as good inter-tester reliability when the 
same position is used.15,56 Range of motion was evaluated at baseline (pre-operative) and 
at two, six, 12 weeks, and six months post-surgery.
4.6.5 Performance Based Functional Tests:
4.6.5a Hop Testing:
Hop testing was a performance based outcome measure designed to evaluate 
neuromuscular control, strength and confidence in the limb. The test was a combination 
of four different hop tests that incorporate a variety of movement principles (e.g., 
direction of change, speed, acceleration-deceleration) that mimic the demands of knee 
stability during sporting activities. The single hop for distance test was performed by 
having the patient stand on the leg to be tested, hop and land on the same limb. The 
distance hopped, measured at the level of the great toe, was measured and recorded. The 
timed 6-m hop test was performed by having the patient perform large one-legged hops in 
series over the total distance. The stopwatch was started when the patient’s heel lifted 
from the starting position and was stopped the moment the testing foot passed the finish 
line. The triple hops for distance test was performed by having the patient stand on one 
leg and perform three consecutive hops on the same leg, landing as far as possible. The 
total distance for three consecutive hops was measured and recorded. The crossover hop 
for distance was performed by having the patient hop forward three times while 
alternately crossing over a marking. The total distance hopped forward was measured 
and recorded. Each hop test was assessed by one of two kinesiologists. Patients were
offered a rest period between types of hop tests (up to two minutes) and between 
individual hop test trials if needed. Based on the performance of all four tests, the limb 
symmetry index, test performance of the operative limb expressed as a percentage of the 
opposite limb, was calculated by one research student and used to differentiate and 
compare knee stability and rehabilitation strategies. This instrument had demonstrated 
validity and excellent test-retest reliability.53 Hop testing was evaluated at baseline (pre­
operative) and at six months post-surgery.
4.6.5b Strength Assessment:
Strength tests were performed using the computerized Biodex System 3 PRO 
isokinetic dynamometer (Biodex Medical Inc., Shirley, New York). Each test consisted 
of six consecutive alternating knee flexion (three repetitions) and extension (three 
repetitions) movements and assessed by using maximal concentric muscle actions at an 
angular velocity of 90°/second. During each test session, the patient was seated with 
his/her back against a backrest oriented at 80° above the horizontal and his/her hips in 
approximately 80° of flexion. A seatbelt securing the patient’s pelvis was oriented 
diagonally across the anterior superior iliac spines to the dynamometer seat and backrest. 
The axis of rotation of the dynamometer lever arm was positioned coaxial to the lateral 
femoral epicondyle. Once the patient was positioned, he/she was familiarized with the 
testing apparatus and performed at least three practice contractions before testing. During 
each test, the patient was given a 30-second rest period between movements. Isokinetic 
evaluation of thigh strength has been demonstrated to have interclass correlation 
coefficients of 0.92 for knee extension and 0.88 for knee flexion at 90°/second.46 Strength 
testing was evaluated by the research student at baseline (pre-operative) and at six months
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post-surgery. Strength scores were calculated by one research student by dividing the 
mean calculated by the isokinetic dynamometer of the affected limb by the mean of the 
non-affected limb for both knee flexion and extension.
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Figure 2: Biodex System 3 PRO Isokinetic Dynamometer
4.7 Sample Size
A formal sample size calculation was performed based on an alpha error of 0.05 
(two sided)with statistical power of 80% to detect a moderate effect size of 0.5 a standard 
deviation, which has been shown to represent a patient-important difference 50. It was 
determined that a total of 64 patients were required for each group. Allowing for a 15% 
drop out rate, the sample size was increased to 74 patients per group, for a total of 148 
patients.
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4.8 Plan for Analysis
The SPSS version 18 (SPSS Inc., Chicago, Illinois) was used to perform analyses 
of the data. Descriptive tables of the demographic characteristics of each group were 
provided using means and standard deviations for continuous variables (age, height, 
weight) and proportions for nominal variables (leg dominance, sex. mechanism of injury, 
smoking status and occupation). To statistically compare the two groups, a repeated 
measures analysis of covariance (ANCOVA) was conducted for all outcomes. The 
means, standard deviations, mean difference and 95% confidence intervals were reported 
for both groups. All significant tests were two-sided with p < 0.05 being significant.
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CHAPTER 5: RESULTS
5.1 Flow of Patients
Of the 202 patients screened for this study, 84 patients did not meet the eligibility 
criteria, 11 postponed surgery, 20 refused to participate, and 76 could not be contacted 
(unable to reach patient). Patients were excluded because they fell outside the age range 
(n=53), had undergone previous ACL reconstruction on either knee (n=33), required 
bilateral ACL reconstruction (n=l), required repair or reconstruction of the posterior 
cruciate ligament or medial collateral ligament (n=l), were not undergoing a hamstring 
autograft reconstruction (n=15), had a past/present history of metabolic bone, collagen, 
crystalline, degenerative joint or neoplastic disease, a chondral defect requiring treatment 
(n=l 1), did not speak, understand or read the English language (n=l) or cancelled surgery 
(n=l). Some patients were excluded for more than one reason.
Beginning in August 2010 until mid-May 2011, 11 patients were recruited to 
participate in the study. Since then, three patients withdrew their consent. One patient 
withdrew prior to surgery and prior to randomization after new circumstances arose and 
an inability to commit to the study. One patient withdrew two weeks post-surgery 
because she was a varsity athlete and wanted to come in for physiotherapy on a regular 
basis. One patient refused to come in for physiotherapy and see his surgeon for any 
follow-ups, and as a result withdrew from the study ten weeks post-surgery.
5.2 Demographic Information
At the time of analysis, six patients had complete outcome data at six months. 
There was an even distribution of two males and one female in each rehabilitation group, 
with a mean age of 28 years (SD ± 9.0) for Usual Care and 24 years (SD ± 10.8) for the
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Staged Rehabilitation program (see Table 1). Average height and weight was 177.8 cm 
(SDS ± 5.1) and 205.7 lbs. (SD ± 23.2) for Usual Care and 170.2 cm (SD ± 8.8) and 
151.0 lbs. (SD ± 34.8) for the Staged Rehabilitation program. All patients were right leg 
dominant, with two patients from each group having surgery on their dominant leg. All 
injuries occurred during sport (basketball (one patient per group), soccer (one patient in 
Usual Care and two patients in the Staged Rehabilitation program), football (one patient 
in Usual Care)), with the mechanism of injury being either contact (two patients per 
group) or non-contact (one patient per group). The median time between injury and 
surgery was 7 months (minimum (4.3 months), maximum- (144.7 months)) for Usual 
Care and 10.9 months (minimum (4.8 months), maximum (11.5 months)) for the Staged 
Rehabilitation program. All but one injury (patient in Usual Care) occurred within the 
last two years. All Usual Care patients worked full-time, while patients in the Staged 
Rehabilitation program were either full-time employed (n=l) or were students (attending 
high-school (n=l) or university (n=l)).
5.3 Stratification Criteria
All but one patient (patient in Usual Care) attended the Fowler Kennedy Sport 
Medicine Clinic (FKSMC) for physiotherapy. The same surgeon performed all six 
surgeries, with one patient in Usual Care and two patients in the Staged Rehabilitation 
program requiring meniscal repair.
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Characteristics GrouD 1: Usual Care Grouo 2: Staged
n = 3 Rehabilitation 
n = 3
Gender
Female 1 i
Male 2 2
Mean Age (yrs.) (mean ± 28 ± 9.0 24 ± 10.8
SD)
Height (cm) (mean ± SD) 177.8 ±5.1 170.2 ±8.8
Weight (lbs.) (mean ± SD) 205.7 ±23.2 151.0 ± 34.8
Time from Injury to 7.0 (4.3, 144.7) 10.9 (4.8, 11.5)
Surgery (months) ((median)
(minimum, maximum))
Leg Dominance
Right 3 3
- Left 0 0
Surgical Leg
Right 2 2
- Left 1 1
Mechanism of Injury
Contact 2 2
- Non-contact 1 1
Sport Played During Injury
Basketball 1 1
Soccer 1 2
Football 1 0
Smoking Status
- Never smoked 1 2
Quit smoking 2 0
Currently smoking 0 1
Employment Status
Full time work 3 1
Student (University) 0 1
Student (High 0 1
School)
Table 1: Patient Demographics
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5.4 Primary Outcome Measures:
5.4.1 Disease Specific Quality of Life:
ACL Quality o f Life Questionnaire (ACL-QOL):
At two, six and 12 weeks and six months post-surgery, the difference in the 
overall ACL-QOL scores was not statistically significant between groups (see Table 2A). 
The difference in scores for each of the five domains (symptoms and physical complaints, 
work/school related concerns, recreational activities and sport participation, lifestyle and 
social and emotional) is presented in Table 2B.
The Usual Care group maintained higher percentages for both the Lifestyle (see 
Figures 8 and 9) and Social and Emotional (see Figures 9 and 10) domains at all recorded 
intervals. In addition, the Usual Care group also maintained higher percentages for both 
Symptoms and Physical Complaints (see Figures 2 and 3) and Recreational Activities and 
Sport Participation (see Figures 6 and 7) domains at all recorded intervals with the 
exception of the six weeks post-surgery visit, while the Usual Care group maintained 
higher percentages at two weeks and six months post-surgery for Work/School Related 
Concerns (see Figures 4 and 5).
5.4.2 Lower Extremity Functional Questionnaire:
Lower Extremity Functional Scale (LEFS):
At two, six and 12 weeks and six months post-surgery, the difference in LEFS 
scores was not statistically significant between groups (see Table 2A).
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5.5 Secondary Outcome Measures:
5.5.1 Knee Specific Quality of Life:
International Knee Documentation Committee (IKDC) Subjective Knee Form:
At two, six and 12 weeks and six months post-surgery, the difference in IKDC 
subjective scores was not statistically significant between groups (see Table 3).
5.5.2 Generic Health:
Short Form Health Survey (SF-12):
At two, six and 12 weeks and six months post-surgery, the difference in SF-12 
PCS and MCS scores was not statistically significant between groups (see Table 3). The 
Staged Rehabilitation program maintained greater PCS scores at two, six and 12 weeks 
post-surgery (see Figures 11 and 12), while the Usual Care group maintained greater 
MCS scores at all recorded intervals except six months post-surgery (see Figures 13 and 
14).
5.5.3 Pain:
Four-Item Pain Intensity Measure (P4):
At two, six and 12 weeks and six months post-surgery, the difference in P4 scores 
was not statistically significant between groups (see Table 3). The Usual Care group 
maintained lower pain levels at all recorded intervals except at two and six weeks post­
surgery.
5.5.4 Range of Motion (ROM):
At two, six, and 12 weeks and six months post-surgery, the difference in passive 
knee extension and active-assisted knee flexion was not statistically significant (see Table
4) . The unaffected side in both groups maintained greater range of motion for active- 
assisted knee flexion (see Figures 15 and 16) compared to the affected side, while the 
unaffected side in the Usual Care group maintained greater range of motion for passive 
knee extension at all recorded intervals (see Figures 17 and 18). At six months post­
surgery, the Staged Rehabilitation group was equal to the unaffected side for passive knee 
flexion.
5.5.5 Performance Based Functional Tests:
5.5.5a Hop Testing:
At six months post-surgery, the difference in limb symmetry index scores for hop 
testing was not statistically significant between groups (see Table 5). One patient in the 
Usual Care group did not perform a hop test prior to surgery due to a broken toe in the 
unaffected foot.
5.5.5b Strength Assessment:
The proportion of knee extension and flexion strength between groups was 
represented as a ratio of the mean of the affected knee divided by the mean of the 
unaffected knee at 90°/second. At six months post-surgery, the difference in knee 
extension and flexion strength was not statistically significant between groups (see Table
5) . One patient in the Usual Care group did not perform the strength assessment because 
the isokinetic dynamometer was not working.
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Time Primary
Outcome
Measure
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
Baseline ACL- QOL 43.64 ±28.81 20.86 ± 15.62 22.78 -29.75 to 
75.31
LEFS 49.00 ±27.18 48.00 ± 14.42 1.00 -48.32 to 
50.32
2 weeks
post-
surgery
ACL- QOL 27.19 ±3.62 16.86 ± 10.19 10.33 -7.00 to 
27.66
LEFS 22.67 ± 17.56 35.67 ± 11.68 -13.00 -46.81 to 
20.81
6 weeks 
post­
surgery
ACL- QOL 38.35 ± 12.64 36.13 ± 17.15 2.22 -31.93 to 
36.37
LEFS 52.00 ±5.29 48.67 ±7.09 3.33 -10.85 to 
17.51
12
weeks
post­
surgery
ACL- QOL 52.44 ± 13.78 32.31 ±11.49 20.13 -8.63 to 
48.89
LEFS 61.67 ±4.62 56.67 ±8.62 5.00 -10.68 to 
20.68
6
months
post­
surgery
ACL- QOL 74.41 ±21.26 50.17 ±34.86 24.24 -41.21 to 
89.69
LEFS 75.33 ±3.21 65.33 ± 12.66 10.00 -10.94 to 
30.94
*ACL-QOL scores are represented as a percentage (%)
Table 2A: Primary Outcome Measures
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Time ACL-QOL
Domain
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
Baseline Symptoms 
and Physical 
Complaints
65.74 ±43.12 49.77 ±35.03 15.97 -73.08 to 
105.02
Work/School
Related
Concerns
70.50 ±31.86 21.50 ±29.40 49.00 -20.49 to 
118.49
Recreational 
Activities and 
Sport
Participation
19.50 ±23.65 5.30 ±4.63 14.20 -24.43 to 52.83
Lifestyle 29.52 ±28.21 19.87 ± 13.03 9.65 -40.16 to 59.46
Social and 
Emotional
32.95 ± 30.47 7.86 ±7.35 25.09 -25.15 to 75.33
2 weeks 
post­
surgery
Symptoms 
and Physical 
Complaints
49.57 ±21.80 39.27 ± 11.76 10.30 -29.41 to 50.01
Work/School
Related
Concerns
12.53 ± 12.50 20.30 ±29.20 -7.77 -58.69 to 43.15
Recreational 
Activities and 
Sport
Participation
19.89 ±6.19 5.58 ±6.36 14.31 0.08 to 28.54
Lifestyle 14.40 ±9.07 10.44 ±7.70 3.96 -15.11 to 23.03
Social and 
Emotional
39.54 ±4.89 8.71 ±11.46 30.83 10.86 to 50.80
6 weeks 
post­
surgery
Symptoms 
and Physical 
Complaints
66.27 ± 11.65 72.14 ±2.72 -5.87 -25.05 to 13.31
Work/School
Related
Concerns
24.63 ±31.41 38.36 ±31.58 -13.73 -85.13 to 57.67
Recreational 
Activities and 
Sport
Participation
12.02 ±4.38 14.29 ±4.57 -2.27 -12.42 to 7.88
Lifestyle 46.09 ± 11.01 38.90 ±29.60 7.19 -43.43 to 57.81
Social and 
Emotional
42.74 ± 18.28 12.45 ±6.32 30.29 -0.71 to 61.29
*ACL-QOL scores are represented as a percentage (%) 
Table 2B: Domains of ACL-OOL
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Time ACL-QOL
Domain
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
12
weeks
post­
surgery
Symptoms 
and Physical 
Complaints
72.14 ±2.72 52.56 ±31.26 19.58 -30.72 to 
69.88
Work/School
Related
Concerns
46.35 ±37.00 34.48 ± 19.77 11.87 -55.38 to 
79.12
Recreational 
Activities and 
Sport
Participation
38.69 ±29.54 12.27 ±5.95 26.42 -21.88 to 
74.72
Lifestyle 58.77 ±3.28 39.01 ±20.44 19.76 -13.42 to 
52.94
Social and 
Emotional
46.23 ± 14.57 23.26 ±2.17 22.97 -0.64 to 
46.58
6
months
post-
surgery
Symptoms 
and Physical 
Complaints
92.88 ± 6.40 76.54 ±20.78 16.34 -18.51 to 
51.19
Work/School
Related
Concerns
78.42 ±36.21 63.00 ±41.90 15.42 -73.35 to 
104.19
Recreational 
Activities and 
Sport
Participation
50.01 ±33.97 36.75 ± 37.02 13.26 -67.28 to 
93.80
Lifestyle 79.09 ± 26.75 38.99 ±48.17 40.1 -48.22 to 
128.42
Social and 
Emotional
71.66 ±21.35 35.55 ±39.39 36.11 -35.71 to 
107.93
*ACL-QOL scores are represented as a percentage (%) 
Table 2B: Domains of ACL-OOL (continued)
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Figure 3: ACL-OOL (Symptoms and Physical Complaints Domain) Group Means
ACL-QOL (Symptoms and Physical Complaints 
Domain) Patient Scores
Baseline 2 weeks 6 weeks 12 weeks 6 months
Time
♦ Patient 1 
■ Patient 2 
A Patient 3 
Patient 4 
X Patient 5 
—• —Patient 6
__ Usual Care
Staged
Rehabilitation
Figure 4: ACL-OOL (Symptoms and Physical Complaints Domain! Patient Scores
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Figure 5: ACL-OQL (Work/School Related Concerns Domain) Group Means
Figure 6: ACL-OOL (Work/School Related Concerns Domain) Patient Scores
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Figure 7: ACL-QOL (Recreational Activities and Sport Participation Domain) 
Group Means
ACL-QOL (Recreational Activities and Sport 
Participation Domain) Patient Scores
—♦—Patient 1 
■ Patient 2 
A Patient 3 
Patient 4 
% Patient 5 
-♦-Patient 6
___Usual Care
Staged
Rehabilitation
Figure 8: ACL-QOL (Recreational Activities and Sport Participation Domain)
Patient Scores
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ACL-QOL (Lifestyle Domain) Patient Scores
—♦—Patient 1 
■ Patient 2 
▲ Patient 3 
-^-Patien t 4 
X Patient 5 
—• —Patient 6
__ Usual Care
Staged
Rehabilitation
Figure 10: ACL-QOL (Lifestyle Domain) Patient Scores
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ACL-QOL (Social and Emotional Domain) Group
Means
Time
•Usual Care
Staged
Rehabilitation
Figure 11: ACL-QOL (Social and Emotional Domain) Group Means
Figure 12: ACL-QOL (Social and Emotional Domain) Patient Scores
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Time Secondary
Outcome
Measures
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
Baseline IKDC 56.28 ±25.66 50.22 ± 11.71 6.06 -39.15 to 51.27
SF-12 PCS 49.50 ± 14.13 47.25 ± 12.30 2.25 -27.78 to 32.28
SF-12 MCS 49.59 ±9.74 38.96 ±2.60 10.63 -5.53 to 26.79
P4 11.0 ± 16.46 13.67 ± 15.31 -2.67 -38.70 to 33.36
2 weeks 
post­
surgery
IKDC 29.44 ± 16.24 29.87 ± 10.31 -0.43 -31.27 to 30.41
SF-12 PCS 30.95 ±7.97 36.76 ±9.31 -5.81 -25.46 to 13.84
SF-12 MCS 46.93 ± 7.70 38.19 ±3.92 8.74 -5.11 to 22.59
P4 18.67 ± 11.72 16.67 ± 12.58 2.00 -25.56 to 29.56
6 weeks 
post­
surgery
IKDC 48.92 ±8.84 51.52 ± 10.09 -2.60 -24.10 to 18.90
SF-12 PCS 41.97 ± 12.86 45.59 ±3.88 -3.62 -25.15 to 17.91
SF-12 MCS 51.91 ±8.74 43.38 ±2.77 8.53 -6.17 to 23.23
P4 12.00 ± 15.62 11.67 ± 11.50 0.33 -30.76 to 31.42
12
weeks
post­
surgery
IKDC 66.23 ± 3.44 58.01 ± 18.43 8.22 -21.83 to 38.27
SF-12 PCS 48.13 ±6.62 49.26 ±5.12 -1.13 -14.55 to 12.29
SF-12 MCS 40.99 ±7.54 40.49 ± 12.80 0.50 -23.31 to 24.31
P4 1.33 ± 1.53 11.33 ± 11.06 -10.00 -27.90 to 7.90
6
months
post­
surgery
IKDC 84.42 ±9.37 68.40 ± 26.28 16.02 -28.70 to 60.74
SF-12 PCS 58.87 ±0.80 53.03 ± 8.49 5.84 -7.83 to 19.51
SF-12 MCS 41.29 ± 11.74 48.26 ±5.29 -6.97 -27.61 to 13.67
P4 1.33 ±2.31 8.33 ±8.50 -7.00 -21.12 to 7.12
Table 3: Secondary Patient Reported Outcome Measures
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SF-12 (PCS Scores) Group Means
Time
•Usual Care
Staged
Rehabilitation
Figure 13: SF-12 (PCS Scores) Group Means
SF-12 - Patient PCS Scores
—♦—Patient 1 
■ Patient 2 
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Figure 14: SF-12 -  Patient PCS Scores
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SF-12 (MCS Scores) Group Means
Time
—♦—Usual Care
■ Staged
Rehabilitation
Figure 15: SF-12 (MCS Scores) Group Means
SF-12 - Patient MCS Scores
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Figure 16: SF-12 -Patient MCS Scores
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Time Range of 
Motion
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
Baseline Extension -0.33 ± 1.53 -2.00 ± 1.00 1.67 -1.26 to 4.60
Flexion -3.67 ± 1.15 -17.00 ±25.98 13.33 -28.36 to 
55.02
2 weeks 
post­
surgery
Extension -8.00 ± 7.00 -9.00 ±5.57 1.00 -13.34 to 
15.34
Flexion -34.67 ± 11.15 -64.67 ± 15.95 30.00 -1.20 to 
61.20
6 weeks 
post­
surgery
Extension -3.33 ±4.16 -7.33 ± 4.04 4.00 -5.30 to 
13.30
Flexion -12.33 ±9.87 -16.67 ± 10.69 4.34 -18.98 to 
27.66
12
weeks
post­
surgery
Extension -1.00 ± 1.00 -2.00 ± 2.00 1.00 -2.58 to 4.58
Flexion -5.67 ±5.13 -7.00 ± 2.65 1.33 -7.93 to 
10.59
6
months
post­
surgery
Extension -1.00 ± 1.73 0.00 ± 0.00 -1.00 -3.77 to 1.77
Flexion -2.00 ± 2.65 -3.00 ± 1.00 1.00 -3.54 to 5.54
*A positive value indicates that the value on the injured side was greater, and a negative 
value indicates that the value on the uninjured side was greater
Table 4: Secondary Outcome Measure: Range of Motion
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Figure 18: Individual Range of Motion (Knee Flexion) Values
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Individual Range of Motion - Extension
Baseline 2 weeks 6 weeks 12 weeks 6 months
—♦—Patient 1 
■ Patient 2 
A Patient 3 
Patient 4 
X Patient 5 
- • —Patient 6
Usual Care
Time Staged Rehabilitation
Figure 20: Individual Range of Motion (Knee Extension! Values
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Time Functional
Tests
Usual Care 
(mean ± SD)
Staged
Rehabilitation 
Program 
(mean ± SD)
Mean
Difference
95%
Confidence
Interval
Baseline Hop Test 71.31 ±23.26 86.40 ±9.68 -15.09 -60.36 to 
30.18
Strength
(Extension)
80.98 ± 11.75 86.45 ± 0.94 -5.47 -25.30 to 
14.36
Strength
(Flexion)
85.47 ±6.36 80.82 ± 10.92 4.65 -23.36 to 
32.66
6
months
post­
surgery
Hop Test 86.67 ±5.23 91.91 ±5.20 -5.24 -20.38 to 
9.90
Strength
(Extension)
92.38 ±3.97 77.85 ± 11.16 14.53 -12.77 to 
41.83
Strength
(Flexion)
88.35 ±46.04 82.14 ± 12.87 6.21 -76.83 to 
89.25
Table 5: Secondary Outcome Measures: Functional Tests
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CHAPTER 6: DISCUSSION
The purpose of this thesis was to compare the preliminary results at six months 
post-surgery for patients with hamstring autograft ACL reconstruction who were 
randomized to receive Usual Care physiotherapy or a Staged Rehabilitation program.
The Staged Rehabilitation program consisted of 12 weeks of home-based physiotherapy, 
followed by supervised physiotherapy after 12 weeks. Patients were assessed for quality 
of life, function, range of motion, hop testing and strength. At this early analysis, we 
found no significant differences between treatment groups.
Five other randomized studies have published the results of home-based 
physiotherapy compared to clinic-based physiotherapy for patients with ACL 
reconstruction (please refer to Section 2.6.1 Home-based Rehabilitation for a detailed 
description of each study). Similar to our results, four of these studies found no statistical 
differences between treatment groups. In the study conducted by Schenck et al. (1997), 
37 patients were randomized into a clinic-based rehabilitation program (CB) (15 patients) 
or a home-based physical therapy program (HR) (22 patients). They measured range of 
motion, activity level, function, quality of life and compliance with exercise. They found 
no statistically significant differences between groups.
In the study conducted by Fischer et al. (1998), 54 patients (27 patients in each 
group) were randomized into a home-based rehabilitation program (prescribed six 
supervised physical therapy visits over 12 weeks) or a clinic-based rehabilitation program 
(prescribed 24 physical therapy visits over six months). They measured function, health, 
ligament tests and range of motion and found no statistical differences between groups.
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Unlike Fischer et al. but similar to this study’s design, Schenck et al. allowed the physical 
therapist to decide the number of physical therapy sessions in the HR program (mean 
2.85 visits compared to 14.2 visits for the CB program). In this study, the number of 
sessions in the clinic-based program was left to the discretion of the therapist and patient 
and was likely influenced by the compensation package available to the patient through 
third-party insurance or other support opportunities.
Another difference between the Fischer et al.’s study and this study is that Fischer 
reported a reduced range of motion at six weeks post-surgery for both groups and a 
greater variability (larger standard deviations) for the clinic based group, which is 
different from our findings. One possible explanation for this difference is that in study 
active-assisted range of motion was measured while they used active range. Because our 
study used hamstrings autografts, a patient may present difficulty in their ability to 
contract their hamstrings (i.e. flex the knee) in that inner range of motion due to the 
hamstrings being the donor site. Therefore, using an active-assisted method allows 
patients to assist in bringing their knee into the inner range of motion to obtain a full 
range of motion measurement.
In the third study conducted by Beard et al. (1998), a different approach was taken 
whereby 31 patients were randomized to either a home-based (frequency of follow-up 
was based on therapist’s discretion (more regular early on and more dispersed in later 
phase of rehabilitation)) or supervised rehabilitation program with a home-based 
component (attended supervised visits twice per week beginning at week four until weeks 
16 and 18 in addition to home component). They measured function, strength, quality of 
life and activity level and found no statistical differences between groups. Beard et al.’s
approach to the home-based group was to have patients attempt the exercises on their 
own and have the therapist assess that they were completing their exercises correctly and 
progressing as expected. The approach used in this study was therefore more similar to 
Beard et al.’s supervised program in that the therapists taught patients the exercises in 
two sessions (four weeks apart) and assessed their progress at these intervals.
In the study conducted by Ugutmen et al. (2008), 104 patients were randomly 
assigned to either a home-based (seen weekly for the first six weeks and provided with 
home exercise booklet) or clinic-based rehabilitation program. They measured function, 
pain, and range of motion and found no statistically significant differences. What 
Ugutmen et al. called their home-based program was more similar to this study’s clinic- 
based (usual-care) program in that usually patients attending physiotherapy will receive 
treatment while at the clinic as well as being given stretches/exercises to do at home 
between sessions.
The fifth study that reported significant differences between groups was the Grant 
et al. (2005) study. In their study, 145 patients were randomized into a home-based (HB) 
program (saw same physical therapist at weeks one, three, six and 12 and were provided 
with a home exercise booklet) or a physical therapy supervised rehabilitation (PT) 
program (two sessions per week (weeks two to seven) followed by one session per week 
(weeks eight to 12)). They measured range of motion, gait, and strength at three months 
post-ACL reconstruction. Their analysis of the outcomes involved dichotomizing data 
into achieving either an acceptable or unacceptable outcomes. They found significantly 
more patients in the home-based group attained acceptable outcomes for range of motion 
(surgical knee within 5° of non-surgical knee) (99% vs. 83% for extension, 67% vs. 47%
70
for flexion). In this study, reduced range of motion was present at two weeks post­
surgery, but much less so at six and 12 weeks. If patients were classified based on 
acceptable and unacceptable knee range of motion according to Grant et al. at 12 weeks 
post-surgery, all patients would be classified as presenting acceptable knee extension 
measurements and only two patients (one from Usual Care and one from the Staged 
Rehabilitation program) presented acceptable knee flexion measurements at 12 weeks 
post-surgery. Similar to the results of this study, Schenck et al. (1997) found that 35 of 
37 patients were able to obtain full knee range of motion by three months post-surgery 
and knee flexion was not statistically different between the groups. Schenck et al. did not 
report which group the two patients who did not obtain full range of motion were in.
In the study by Grant et al. (2005), investigators stratified patients by surgeon 
only, whereas our study stratified by surgeon, presence or absence of concomitant 
meniscal repair and place of rehabilitation (FKSMC or elsewhere). Stratification allowed 
investigators to balance potential prognostic factors. The reason for stratifying by 
concomitant meniscal repair in this study is that patients who have undergone a meniscal 
repair may follow a more conservative approach to therapy or may progress more slowly 
depending on the extent of the repair. The Grant et al. article provides no detail as to the 
balance of these types of patients between treatment groups; thus we are uncertain 
whether this could explain the difference between groups observed in their study.
It is also important to note that in the study conducted by Grant et al. (2005), 
patients in the home-based rehabilitation program all met with the same physical therapist 
at the sport medicine center, whereas patients in the physical therapy-supervised group 
were free to see a physical therapist of their choice at any clinic. This could present a
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bias since the expertise and/or the intensity of physiotherapy could be different at various 
clinics. In this study, stratification was done for whether patients attended their 
physiotherapy at the FKSMC or whether they chose to attend a community or hospital- 
based clinic.
In addition. Grant et al. only included patients undergoing bone-patellar tendon- 
bone graft reconstruction, whereas this study only included patients undergoing 
hamstring graft reconstruction. It is unlikely that this difference would explain the 
inconsistencies between the two studies.
In comparison, Grant et al. (2005) assessed patients’ strength at 12 weeks post­
surgery at 180°/second. Assessors found the ratio for quadriceps strength between 
operative and non-operative limb to be 61% for the home-based group and 60% for the 
physiotherapy based group. When they dichotomized patients into “acceptable” or 
“unacceptable”, where acceptable was defined as surgical leg greater than or equal to 
50% of the non-operative limb, 84% of patients from the home-based group and 78% of 
patients from the physiotherapy based group attained acceptable outcomes. For 
hamstring strength, they reported median values of 94% for the home-based group and 
93% for the physiotherapy based group, with 94% of patients from the home-based group 
and 88% of patients from the physiotherapy based group attaining acceptable outcomes 
(surgical leg greater than or equal to 75% of the non-operative limb).
In our study we did not measure strength at three months post-operative.
However, if we were to classify patients based on acceptable and unacceptable strength 
according to Grant et al. at our six month postoperative measure, all six patients would be
classified as acceptable for quadriceps torque and all but two patients (one from each 
group) would be classified as acceptable for hamstring torque. It is difficult to know 
whether this comparison is valid since the time points are different as are the speeds 
(180°/second versus 90°/second) and graft types (bone-patellar tendon-bone versus 
hamstring).
The strengths of this study include its rigorous design. This study is one of the 
first to compare a Usual Care physiotherapy program to a Staged Rehabilitation program, 
which focused on home-based physiotherapy for the first 12 weeks followed by regular 
supervised physiotherapy. It was also the first study to compare many patient reported 
outcomes (i.e. ACL-QOL, LEFS, IKDC Subjective, SF-12, and P4). The inclusion of 
these outcomes in addition to range of motion, hop testing and strength assessments 
provided a more comprehensive understanding of the quality of life and function of 
patients following ACL reconstruction.
This study placed an emphasis on limiting detection bias and co-intervention bias. 
Detection bias is introduced when clinicians look more closely for adverse effects based 
on their knowledge of group assignment. In this study, the surgeon was responsible for 
assessing the patient’s progress at two, six, 12 and 24 weeks postoperative and deciding 
whether he/she could progress to the next phase of rehabilitation or whether more 
supervised physiotherapy was recommended. To reduce the likelihood of this bias and to 
ensure that the surgeon provided the recommendations based on their assessment of 
progress not on their knowledge of group assignment, patients in this study were 
requested not to reveal to their surgeon their group allocation when coming in for their 
follow-up appointments.,.
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Co-intervention bias is bias introduced when one group is given additional 
interventions not provided to the other group that could explain the differences in 
outcomes between groups. By ensuring that the surgeon was blinded to group allocation, 
any feedback or encouragement given to the patient by the surgeon was not influenced by 
the surgeon’s knowledge of group assignment. Further, there was a conscious effort on 
the part of the surgeon to standardize his feedback to patients; placing an emphasis on 
getting their knee straight, being able to flex their knee, activate their quadriceps and 
reducing the swelling.
The home-based booklet provided to patients in the Staged Rehabilitation 
program was similar in content to the home-based physiotherapy program for the first 12 
weeks post-surgery as presented in the study by Grant et al. (2005). The booklet from 
this study, however, was organized into two sections (two to six weeks and six to 12 
weeks) and each section was further divided based on target muscle groups and areas of 
focus (e.g. range of motion, strengthening, etc.) for easy understanding. Step-by-step 
instructions and pictures of a model performing each exercise were provided for each 
exercise description to ensure that the booklet was user friendly.
6.1 Limitations
Results from patient reported outcomes, function, range of motion; hop testing 
and strength at six months post-surgery were not statistically significant; however the 
results remain uncertain due to a small sample size. Having a small sample size 
decreases the precision in estimates of the effect of the treatment. Precision was 
represented using a 95% confidence interval around each estimate. Confidence intervals
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provide a range of probabilities where the treatment effect may lie. The wider the 
interval the less certainty one has about the treatment effect. In this study, the confidence 
intervals were quite wide for all outcome measures, thereby making it difficult to rule out 
the possibility of the treatment being beneficial or harmful. Another limitation is
the potential for multiple comparisons. As the number of independent outcomes 
statistically compared increases, the greater the probability of finding a significant result 
due to chance occurs, increasing Type I error. Both groups were analyzed for quality of 
life, self-reported function, pain and performance-based function (including range of 
motion, hop testing and strength) for a total of 4 outcomes. The ACL-QOL and IKDC 
subjective are measures of quality of life, while the LEFS and SF-12 (PCS) are measures 
of function. Although range of motion, hop testing, strength and pain are likely related to 
both self-reported and performance-based functional outcomes, some researchers have 
suggested that self-report and performance-based measures quantify different aspects of 
function and that using one measure of function may not capture all health concepts 
associated with the measurement of function 6061. As well, some researchers believe there 
is a correlation between strength assessments and hop testing, while others believe that a 
correlation only exists for hop testing and quadriceps strength 18,38. It was therefore 
decided to count pain, self-reported function and performance-based function as 
independent outcomes.
Intention to treat analysis was implemented for all patients, whereby the patient 
was analyzed within the group that he/she had been randomized to regardless if he/she 
had received or completed the prescribed program. One patient randomized to the Staged 
Rehabilitation program attended two additional physiotherapy visits one week after
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surgery, instead of beginning at two weeks post-surgery, due to being told by the hospital 
that they could begin supervised physiotherapy. This patient was analyzed in the Staged 
Rehabilitation group.
All but one patient attended FKSMC for physiotherapy. This may not be 
representative of a typical patient population with ACL injuries based on the level of 
expertise and intensity of physiotherapy present at FKSMC.
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CHAPTER 7: CONCLUSION
This study analyzed the quality of life, function, range of motion and strength at 
six months post-surgery in six patients following hamstring autograft ACL reconstruction 
who participated in either a Usual Care physiotherapy program or Staged Rehabilitation 
program. Since these findings are preliminary results of a large continuing randomized 
control trial, definitive conclusions cannot be made at this time. More definitive 
conclusions will follow upon the completion of the trial.
7.1 Directions for Future Research
A. A continuation of the current study to meet the projected sample size will be 
beneficial in improving the precision of the estimate of the difference in treatment effect 
between groups in quality of life, function, range of motion and strength
B. A follow-up at one and two years that evaluates patient reported outcomes, range 
of motion, hop testing and strength, would provide more information about the long-term 
benefits of the Staged Rehabilitation program.
C. Further study in this area should also include rate of return to sport to determine 
whether patients are able to safely return back to the same sport and at the same level of 
activity.
D. This study would be enhanced by a formal economic analysis to provide 
information of the costs associated with both treatment groups and if health care 
resources should be distributed in a different way.
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Appendix B: Letter of Information
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KENNEDY
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LETTER OF INFORMATION
Title of Research:
A Comparison of Self-Reported and Functional Outcomes Between Usual and a Staged 
Rehabilitation Program Post ACL Reconstruction
Lead Researchers:
Dr. J. Robert Giffin
Fowler Kennedy Sports Medicine Clinic, The University of Western Ontario,
London, Ontario, Phone: (XXX) XXX-XXXX ext XXXXX
Dr. Dianne Bryant
Elborn College, The University of Western Ontario 
London, Ontario, Phone: (XXX) XXX-XXXX ext XXXXX
Information:
You are being invited to participate in a research study to compare outcomes (function, 
strength, range of motion, quality of life and cost) of the usual physiotherapy program 
and a staged physiotherapy program for patients who have undergone an anterior 
cruciate ligament (ACL) reconstruction. Many studies have analyzed the effectiveness of 
different rehabilitation programs including home based and supervised physiotherapy; 
however there is still much debate about which program is more beneficial. In order to 
determine whether one program of rehabilitation is better than the other, we must 
randomize (like flipping a coin) you to one of the rehabilitation groups. One hundred 
and forty-eight (148) patients, 74 per group, will participate in this study.
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Procedures:
All patients between the ages of 15 and 40 who are scheduled to have a surgery for an 
anterior cruciate ligament (ACL) reconstruction using a hamstring graft will be invited to 
take part in this study.
If you are randomized to receive usual care, you will receive a copy of the ACL Protocol 
to take to your physiotherapist. You and your physiotherapist will determine a visit 
schedule for your rehabilitation over the next 6 months. If you are randomized to 
receive the staged regimen, you will receive a copy of a home-based program and meet 
with a physiotherapist at Fowler Kennedy Sports medicine clinic at 2 weeks, 6 weeks 
post-surgery to review this program. After 12 weeks, you will receive a copy of the ACL 
Protocol and asked to meet with a physiotherapist of your choice (either at Fowler 
Kennedy or a community clinic near you) to continue your rehabilitation for the 
remaining 6 months.
Visits for this study will coincide with visits to your surgeon. Before your surgery, you 
will be asked to complete six questionnaires, along with an activity rating scale, return 
to sport questionnaire, strength assessment and range of motion measurement. After 
surgery, you will come in for an appointment with your surgeon at 2 weeks, 6 weeks, 12 
weeks, 6 months, 1 year, 18 months and 2 years where you will be asked to complete 
the same six questionnaires. At that time, we will also measure your range of motion. 
Completing these questionnaires will take approximately 15-20 minutes of your time 
and collection of range of motion measurements will take approximately 5 minutes.
Before your surgery and at 12 weeks after surgery, we will ask you to perform some 
simple walking and balancing tasks in the Wolf Orthopaedic Biomechanics Laboratory at 
the Fowler Kennedy Sports Medicine Clinic. The tasks will involve you walking across the 
laboratory floor over a force plate while sensors are attached to your body monitor your 
movements and activity of your muscles. You will also be asked to balance and squat on 
one leg without letting your hands or opposite toe touch the ground. The rubber 
sensors that will be used will be placed on your skin over your feet, knees, hips, arms 
and shoulders and are attached using double-sided tape. You will be asked to wear 
shorts (or tights) and a T-shirt or tank top in order to assist with the placement of these 
sensors.
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Although these sensors are removed easily, they may cause some pulling of hair. In 
order to limit discomfort, we may shave some areas with a plastic disposable razor.
At 6 months, 1 year, and 2 years after surgery, we will measure your strength and how 
far you can hop forward. Strength tests will be performed by bending and extending 
your knee 3 times to measure your strength against resistance. This is done using a 
computerized machine called an isokinetic dynamometer. During each test session, you 
will be seated with your back against a backrest with a seat belt securing you into place. 
The single hop for distance test is performed by having you stand on your leg to be 
tested, and hop forward on the same leg. The timed 6-m hop test is performed by 
having you perform large one-legged hops in series over the 6 metres. The triple hops 
for distance test is performed by having you stand on one leg and perform three hops in 
a row on the same leg, landing as far away as possible. The crossover hop for distance is 
performed by having you hop forward three times while making a " 7!  pattern. During 
this time, we will also have you perform a drop vertical jump, bilateral jump/drop 
landing and a single leg jump/drop landing in the Wolf Orthopaedic Biomechanics 
Laboratory, along with the same squatting on one leg task you performed during the 
walking and balancing task. This will involve using the same equipment at the walking 
and balancing tasks. During the drop vertical jump, we will ask you to drop/hop off a 
box and land on both legs. You will then perform a vertical jump, as if rebounding a 
basketball, as high as you can, and land on both legs. For the bilateral jump/drop 
landing, we will ask you to perform the same technique where you will drop/hop off a 
box and land on both legs. Finally, for the single leg jump/drop landing, we will ask you 
to stand on a box on a single leg, jump off the box and land on the same leg. For this 
task, a clinician will also watch you perform the single leg jump/drop landing and will 
rate how you perform the task.
You will also be asked to complete an activity rating scale and return to sport 
questionnaire at 1 year, 18 months and 2 years after surgery. All tests will be performed 
at the Fowler Kennedy Sports Medicine Clinic and Wolf Orthopaedic Biomechanics 
Laboratory (total completion time of 1 hour and 45 minutes).
Alternatives to Participation:
If you do not choose to participate in this study, you will receive the usual physiotherapy 
protocol for patients who have undergone ACL reconstruction.
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Risks:
The patient could fall, Injure or re-injure themselves when performing tests, however, 
the risks are no greater than those encountered with typical postoperative rehab 
protocols. There are no known health risks associated with this study. The data that is 
collected from you is protected by a username and password. It travels in a scrambled 
format to a server (storage computer) that is located in Toronto. The company that 
houses the server is a professional company with extremely high standards of physical 
and virtual security. We want to let you know however, that even with this high level of 
security, there is always a remote chance that your information could be accessed or 
"hacked" by someone who is not supposed to have your information. If we became 
aware that this had happened, we would inform you immediately.
Benefits:
There are no direct benefits to you for participating in this study; however your 
participation will help inform surgeons and physiotherapists as to which rehabilitation 
program offers patients who undergo ACL reconstruction, the best outcome.
Cost/Compensation:
You will not be compensated for your participation in this study. The assessments for 
this study will coincide with your routine follow-ups with your surgeon. This study has 
no requirements as to the number of physiotherapy sessions you attend. Therefore, you 
should plan to pay for your physiotherapy costs as you would have done without study 
participation.
Voluntary Participation:
Your participation in this study is voluntary. You may refuse to participate, refuse to 
answer any questions or withdraw from the study at any time with no effect on your 
future care. Should you choose to withdraw from this study, we will keep all data 
obtained up to the point that you chose to withdraw.
Participation in this study does not prevent you from participating in any other research 
studies at the present time or future. If you are participating in another research study, 
we ask that you please inform of us of your participation. You do not waive any legal 
rights by signing the consent form.
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Request for Study Results:
Should you decide to participate and want to receive a copy of the study results, please 
provide your contact information on a separate piece of paper. Once the study has 
been published, a copy will be mailed to you. Please note that the results of this study 
are not expected for at least 5 years. Should your mailing information change, please let 
us know.
Confidentiality:
All information will be kept in strict confidence. Upon agreeing to participate in this 
study, you will be assigned a unique number that will be used for all your information 
and data collection. Data that is collected will be username and password protected 
and stored on a server located in Toronto through a scrambled format. Your identifying 
information will not appear on the database used to analyze data. In any publication, 
presentation or report, your name will not be used and any information that discloses 
your identity will not be released or published. 
Representatives of The University of Western Ontario Health Sciences Research Ethics 
Board may require access to your study related records or may follow up with you to 
monitor the conduct of the study.
Questions:
If you have questions about the conduct of the study or your rights as a research 
participant, you may contact Dr. David Hill, Scientific Director, Lawson Health Research 
Institute (XXX) XXX-XXXX. If you have questions or concerns about your surgery or 
physiotherapy, please contact your orthopaedic surgeon or physiotherapist. If you have 
any questions about this research, please contact Alliya Remtulla at XXX-XXX-XXXX or 
XXXXXXX@XXX.ca or Dr. Dianne Bryant at XXX-XXX-XXXX ext. XXXXX or 
XXXXXXXXXXX@XXX.ca or your orthopaedic surgeon.
This letter is yours to keep.
Sincerely,
Dr. J Robert Giffin, MD 
Dr. Dianne Bryant, PhD 
Alliya Remtulla, M.Sc (can.)
Sheila Kocay, M.Sc, PhD (can.)
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^  KENNEDY
spoRTMEDICINE CLINIC
CONSENT FORM
Title of Research:
A Comparison of Self-Reported and Functional Outcomes Between Usual and a Staged 
Rehabilitation Program Post ACL Reconstruction
I have read the letter of information, have had the nature of the study explained to me, 
and I agree to participate in the study. All questions have been answered to my 
satisfaction.
Printed Name of the Participant Signature of the Participant Date
Printed Name of the Parent 
or Legally Authorized 
Representative (if required)
Signature of the Parent 
or Legally Authorized 
Representative (if required)
Date
Printed Name of the 
Person Responsible for 
Obtaining Informed Consent
Signature of the Person 
Person Responsible for 
Obtaining Informed Consent
Date
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□  I would like to receive a copy of the results of this study. 
Please mail to:
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Rehabilitation is an essential part of a full recovery from ACL reconstruction and requires a 
minimum commitment of 6 months. This program has been developed in order to assist you 
with the first half of your rehabilitation for anterior cruciate ligament (ACL) reconstruction.
This booklet is intended to guide you with instruction, direction, and rehabilitative guidelines, 
with the assistance of a physiotherapist.
This booklet is to be used for the first 12 weeks (3 months) post surgery and is comprised of 
home exercises for you to complete on a daily basis, it is divided into two parts:
Part 1: Week 2 to Week 6: The first timeframe focuses on regaining range of motion, 
retraining walking patterns and basic knee and hip strengthening.
Part 2: Week 6 to Week 12: The second timeframe focuses on more advanced knee and 
hip strengthening.
To ensure you are progressing in a timely fashion, you will have two appointments in the first 
twelve weeks with a physiotherapist at Fowler Kennedy Sports Medicine Clinic.
Appointment 1: Week 2: The physiotherapist will explain and review exercises for the 
first part (Week 2 to Week 6) of the booklet.
Appointment 2: Week 6: The physiotherapist will examine knee range of motion and 
explain and review exercises for the second part (Week 6 to Week 12) of the booklet.
At week 12 (3 months), you will book an appointment with a physiotherapist and will formally 
commence supervised physiotherapy, in a physiotherapy clinic, for the second half of your 
rehabilitation until the 6 month mark. The frequency of these appointments will be 
determined between you and your physiotherapist. Formal physiotherapy sessions will focus 
on balance retraining, more advanced strengthening for the lower extremity, functional 
exercise patterning, speed, agility and return to sport exercises. Functional testing (jumping, 
landing, cutting...) will be evaluated at different timeframes within the 3 to 6 month period to 
determine your readiness and ability to return to activity.
In order to ensure a safe return to the same level of activity prior to injury, you should 
complete the FULL duration of the rehabilitation process. Your surgeon, physiotherapist(s) and 
health care team will use their professional judgement in order to assist you throughout your 
rehabilitation process; however, it is also your responsibility to take ownership of the 
rehabilitation. It is important that you meet the criteria set out for each timeframe and attend 
all recommended physiotherapy sessions in order to achieve a full recovery.
Revised April 21, 2010. Page 2 of 18
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STAGED REHABILITATION PROGRAM FOR ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION
(HOME BASED COMPONENT)
Part 1: Week 2 to Week 6
Ranee of Motion
Knee Strenethening
Hip Strenethenine
Other
Gait
Protected Weight-Bearing 
(with crutches)
RANGE OF MOTION - KNEE EXTENSION
...—........... ... ... ............ ............................... ........i
HEEL OVER ROLL
Lie on your back on a firm surface with the 
affected leg straight and place a rolled towel 
under your ankle.
Allow gravity to slowly straighten the knee.
r ' ......... - ...................  ... .........-............................. ......
GOAL: Hold for 3-5 minutes, 3 times a day
It................................................... ......... ..................—- ............-  —.....................................n !.......................m -A
PRONE HANGS
Lie on your stomach with your knees and 
lower legs hanging over the end of a table 
or bed.
Allow gravity to slowly straighten the knee.
V
............................... ............. ..————-------------------------- mmmmmmmm » —  
GOAL: Hold for 3-5 minutes, 3 times a day
......................... iiiiiiiin rn I ini in , , ■  ...............................................................................................  ...................................................................................- .....................
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RANGE OF MOTION - KNEE FLEXION
HEEL SLIDES SUPINE/SITT1NG
Lie on your back or sit with your back supported. 
Bend your affected knee and gently slide the heel 
toward your buttocks.
Hold for 5 seconds.
Slowly lower your leg back to a straight position.
*lf it is difficult/painful to bend the knee without 
assistance, you may grasp your thigh with both 
hands and lift the thigh to help the heel slide.
.... . ..... ...........,. ,  — ............................................ . ...................— .. -■ -  ~ —  ......-  ..............................................  ................ ......•
GOAL: 30 repetitions, 3 times a day
- ............... ..  ............ ^
HEEL SLIDES UP THE WALL
Lie on the floor with your legs up the wall.
Bend your affected knee and allow gravity to gently slide the 
heel down the wall toward your buttocks.
Hold for 5 seconds.
Straighten your affected knee by sliding your heel back up the 
wall until your knee is as straight as possible.
•If you are unable to slide your heel back up, use your 
unaffected leg and place it underneath the affected heel, and 
push up for assistance.
•When your bending improves over the first few weeks, you 
can progress this exercise by placing your unaffected foot 
over the affected leg and pushing down with it to 
increase the bend.
r '...... :    ....—   —"  — »---------------------- * 
GOAL: 30 repetitions, 3 times a day
..................................................................................................................................................-*rrm<r< w t n  ■ — f w - r - r r , -   rr-~..................-.-.y, .......T-rr-rmtrJ
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KNEE STRENGTHENING
QUADRICEPS TIGHTENING
Sit or lie on your back with your legs as straight as 
possible.
Tighten your thigh muscle by pushing your knee 
down while trying to lift your heel off the surface.
Hold for 10 seconds.
*lf you are unable to tighten your thigh muscle in this 
position (in the first few weeks), place a rolled towel 
under the knee and try to push your knee down into 
the towel while trying to lift off your heel. J
GOAL: 30 repetitions, 3 times a day
STANDING QUADRICEPS ACTIVATION^
Stand with your crutches for support and 
evenly distribute your weight between your 
two legs.
Try to tighten your thigh as you straighten your 
knee by pushing your knee back.
Hold for 10 seconds.
............ r T r r ' ....... ....
GOAL: 30 repetitions, 3 times a day
................... ................ ....... - .............. ........... — ..... ......................................................, - TmMrrTnn_ . 11...........  ....................................... .........................................................................
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HIP STRENGTHENINGl....... „..... .................................................... .......... ...
FLEXION IN STANDING
Stand with a crutch or chair for some support and lift your 
affected leg forward, keeping your knee as straight as 
possible.
Hold for 2-3 seconds.
Relax and return back to the original position.
*lf you can perform 10 repetitions easily, you can progress 
up to 30 repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg, 
_______________________ 3 times a day_____________  ______  ^
EXTENSION IN STANDING
Stand with a crutch or chair for some support and lift your 
affected leg backward, keeping your knee as straight as 
possible.
Hold for 2-3 seconds.
Relax and return back to the original position.
•If you can perform 10 repetitions easily, you can progress 
up to 30 repetitions.
A
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg,
___________________________ 3 times a day
Revised April 21, 2010. Page 7 of 18
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HIP STRENGTHENING
ABDUCTION IN STANDING
Stand with a crutch or chair for some support and raise your 
hip out to the side, keeping your knee as straight as possible 
without letting the leg come forward or lifting up your 
hip/pelvis.
Hold for 2-3 seconds.
Relax and return back to the original position.
•If you can perform 10 repetitions easily, you can progress 
up to 30 repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg, 
_______________________ 3 times a day_________________________
ADDUCTION IN STANDING
Stand with a crutch or chair for some support and bring your 
affected leg towards the midline of your body and cross the 
leg in front of your other leg.
Hold for 2-3 seconds.
Slowly relax and return back to the original position.
*lf you can perform 10 repetitions easily, you can progress 
up to 30 repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg,
3 times a day
Revised April 21, 2010. Page 8 of 18
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OTHER-GAIT AND ICE
..... ........ .............. ..  .. ...................................- - - ..v-.̂ — .... .....................
PROTECTED WEIGHT-BEARING
(AS TOLERATED WITH CRUTCHES)
Protected weight bearing means you can fully weight bear on the 
affected leg as long as you are using crutches for protection.
When walking, place the crutches tips forward about one step's 
length.
At the same time, place the affected leg forward level with the 
crutches (i.e. crutch tips and heel/foot).
Push down on the hand grips and place weight on the affected leg at 
the same time and follow through with a normal step on the 
unaffected leg.
* Stay on two crutches until your knee is fully straight and you are not 
walking with a limp. Then, you can progress to one crutch by placing 
it on the opposite side of your affected leg (i.e. right side if left 
surgical knee). Place the affected leg and crutch tip forward, on the 
ground, at the same time and follow the same directions as 
You can discharge the crutches when you walk normally, wii 
limp, and with a straight knee.
............................ — — .. *..................  -  ...................................... ........................... - .....................................
GOAL: Crutches should be discharged by 6 weeks if you have a straight knee and pain free
walking without a limp
ICE WITH KNEE IN EXTENSION
After completing all your exercises, place an ice 
pack on top of the affected knee. You may also 
place an additional ice pack over your shin area if 
it is sore.
Ensure that the knee is as straight as possible.
*lt is important to make sure a towel or pillow is 
not placed underneath the knee. ^
........... .... " 11 1 ... .... . .............. .................. ....■..........................
GOAL: 15 minutes, 3 times a day, after exercises
^ ............................................................................................................ -............. ... ........................................................................
Revised April 21, 2010. Page 9 of 18
104
¿e c t i j  .........................:..................... - ...................... — igggiggg
OTHER -  ADDITIONAL EXERCISES
................-   ••••••••— - ................................................................. .....
STATIONARY BIKE
Set the seat the seat height so that your knee is almost straight 
when the pedal is at the bottom.
Begin pedalling in slow bottom half circles, with the affected 
leg, forward and backwards.
Progress as tolerated to full circles. W hen you can comfortably 
go all the way around, progress the exercise by lowering the 
seat of the bike
.................................. .............................................  .........  <
GOAL: 5-10 minutes
- ..................................................................................................................................................................................— .........
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STAGED REHABILITATION PROGRAM FOR ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION
(HOME BASED COMPONENT)
Part 2: Week 6 to Week 12
Note: The GOAL for range of motion by 6 weeks is full extension (a straight leg) and approximately 120° of knee bend (about 
1 hand span between your buttocks and heel with the knee bent). If you have not yet attained that goal, continue with the 
Range of Motion exercises that were given at 2-6 weeks in conjunction with the new exercises outlined for week 6 to 12.
Knee Strengthening
Hip Strengthening
Other
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f —  ....... ........................................ .......—..
KNEE STRENGTHENING
LATERAL STEP UP
Place enough books on the floor to  total 4-6 inches tall or use 
a small step/stair.
Use a wall, railing, or chair for some support.
Slowly step up onto the book/stair sideways with the affected 
foot.
Slowly step off.
♦If you can perform  10 repetitions easily, you can progress up 
to  30 repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg, 3 
____________ times a day
LATERAL STEP DOWN
Place enough books on the floor to total 4-6 inches tall or use a 
small step/stair.
Use a wall, railing, or chair for some support.
Slowly step up onto the book/stair sideways with the affected 
foot. The unaffected foot should be level but not touching the 
book/step.
Unlock/bend the affected knee and unaffected foot should dip 
down below the step. Ensure that your affected knee does NOT 
pass your toes and that you hip/pelvis remains level.
Slowly straighten your knee back up.
*lf you can perform 10 repetitions easily, you can progress up to k 
30 repetitions. /
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg, 3 
____________________ _ times a day
Revised April 21, 2010. Page 12 of 18
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KNEE STRENGTHENING
WALL SLIDES
Begin by standing with your back against a wall; feet shoulder width 
apart and approximately 12-14 inches away from the wall.
Slowly slide down the wall until you are in a "chair" position. Try to put 
equal weight on both legs. Ensure that your knees do NOT pass your 
toes.
Hold for 5 seconds.
Slowly return back to the original position by pressing up through heels 
rather than front of the foot.
*lf you can perform 10 repetitions easily, you can progress up to 30 
repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg, 
____ ______ 3 times a day
■ f
CALF RAISES
Stand with your legs straight and with even weight 
bearing.
Hold onto a chair for support and stand on one leg. 
Push up onto your toes using your calf muscles to bring 
your heel off the ground. Do not curl your toes.
Slowly lower your heel back to the original position.
*lf you can perform 10 repetitions easily, you can 
progress up to 30 repetitions.
GOAL: 10 repetitions with progression up to 30 repetitions on the affected leg,
3 times a day
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STRAIGHT LEG RAISE
Lie on your back.
Straighten your affected leg and have the other knee 
bent with your foot flat.
W hile keeping the leg com pletely straight, slowly raise 
your leg.
Hold for 5 seconds.
Slowly lower your leg back to the original position. 
Repeat this exercise w ith the opposite leg.
•If you can perform  10 repetitions easily, you can 
progress up to 30 repetitions. _________________j
S .1..— .............. ................  .... "................*..... ....................."""""
GOAL: 10 repetitions with progression up to 30 repetitions on each leg, 3 times a day
....................................................................................................... - - - .......... - .................. - ......................................................................... .........  .......................................................
HIP EXTENSION (LYING ON STOMACH)!
Lie on your stomach w ith a pillow positioned under 
your stomach.
Keep the leg straight and slowly raise your thigh up. 
Do not lift high, just enough to clear the surface. 
Hold for 5 seconds.
Slowly lower your leg back to the original position. 
Repeat this exercise w ith the opposite leg.
*lf you can perform  10 repetitions easily, you can 
progress up to 30 repetitions.
f.............. ...—. .......  ........................................................  ............. ............ -
GOAL: 10 repetitions with progression up to 30 repetitions on each leg, 3 times a day
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HIP STRENGTHENING
r r"............................... 1................... 1 ..................................................................... .......... ........ .............. ...».......
GOAL: 10 repetitions with progression up to 30 repetitions on each leg, 3 times a day
L..................  .-......................................................................  ..........^
HIP ADDUCTION (ON SIDE)
Lie on your side.
Straighten your bottom leg and have the top knee 
slightly bent in front of your lower leg.
Slowly raise your bottom leg up toward the ceiling. 
Hold for 5 seconds.
Slowly lower your leg back to the original position. 
Repeat this exercise with the opposite leg.
*lf you can perform 10 repetitions easily, you can 
progress up to 30 repetitions.
r‘   ......................... ' " " ' ' .................... ..........———............. . ... .... . 1
GOAL: 10 repetitions with progression up to 30 repetitions on each leg, 3 times a day
i............ .............................. -.... -..—.......... -... ......... -.......-.............. é
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p—!ll!l|!i;!;il!ll!l! ........ .... ............. .... .................. --................—.•.... ..
HIP STRENGTHENING -  HAMSTRINGS/GLUTS
Li.M H .m M ..... ..... i i n i i i ................................. ....................................................................................................................................n m = m . m , m. ■■Vrmm^VViW^VVVi^̂
BRIDGE
Lie on your back with your arms at your sides. 
Place your feet shoulder width apart on a chair or 
bed with your knees and hips bent to 90°.
Slowly press heels into the chair or bed, tightening 
your buttocks and lifting them off the floor while 
keeping your pelvis level. Try not to press down 
with your arms into the floor.
Hold for 5 seconds.
Slowly relax and lower pelvis to the original 
position.
GOAL: 30 repetitions, 3 times a day
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OTHER -  BALANCE AND ICE
1SINGLE LEG STANCE
Stand on one leg without support and look forward. 
Try to maintain your balance for 30 seconds on the 
affected leg.
*lf you can perform 5 repetitions easily with your eyes 
open, you can progress up to having your eyes closed.
GOAL: 5 repetitions with progression to eyes open and closed, 3 times a day
ICE WITH KNEE IN EXTENSION ’A
After completing all your exercises, place an ice 
pack on top of the affected knee. You may also 
place an additional ice pack over your shin area 
if it is sore.
Ensure that the knee is as straight as possible.
*lt is important to make sure a towel or pillow 
is not placed underneath the knee.
GOAL: 15 minutes, 3 times a day, after exercises
Revised April 21, 2010. Page 17 of 18
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OTHER -  ADDITIONAL EXERCISES
.....------------------------------------------->....................... ....... ............. ...= ........... --------------------
STATIONARY BIKE, ELLIPTICAL
Set the seat height so that your knee is almost 
straight when the pedal is at the bottom. You may
add some resistance to the bike to your tolerance.
...................................................
GOAL: 10-20 minutes
>■
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Appendix D: ACL Protocol (condensed version)
v/ ' < FO W LER  
KENNEDY
SPORT MEDICINE CLINIC
PHYSIOTHERAPY ACL PROTOCOL
Rehabilitation following Anterior Cruciate Ligament Reconstruction (ACLR) is an 
essential part of a full recovery. This protocol is intended to provide the user with 
instruction, direction, rehabilitative guidelines and functional goals. The physiotherapist 
must exercise their best professional judgment to determine how to integrate this 
protocol into an appropriate treatment plan. Some exercises may be adapted depending 
on the equipment availability at each facility. As an individual’s progress is variable and 
each will possess various pre-operative deficiencies, this protocol must be 
individualized for optimal return to activity. There may be slight variations in this 
protocol if there are limitations imposed from additional associated injuries such as 
meniscal tears, articular cartilage trauma, bone bruising or other ligamentous injuries.
This rehabilitation protocol spans over a 6 month period and is divided into 7 timelines. 
Each timeline has goals and exercise suggestions for several domains: range of motion 
and flexibility, strength and endurance, proprioception, gait, and cardiovascular fitness. 
Criteria for progression within each timeline are based on the attainment of specific 
goals and on their Lower Extremity Functional Scale (LEFS) score. The focus in early 
rehabilitation is on regaining ROM, normalizing gait and activation of the quadriceps 
muscle. To ensure the best possible outcome for a safe return to the same level of 
activity prior to the injury, the client should be followed for the entire 6 months. The 
emphasis of rehabilitation should be focused at the 4-6 month mark. In these later 
stages, crucial skills such as plyometric training, agility drills, instructions on take-off 
and landing mechanics, patterning drills, and functional testing suggestions are given to 
determine the client’s readiness for return to sport/activity.
KEY POINTS
Lower Extremity Functional Scale (LEFS)
The LEFS is a self report questionnaire used to evaluate the functional status of an 
individual with a lower extremity musculoskeletal dysfunction. It is easy to administer 
and easy to score in the clinical and research environment. The LEFS consists of 20 
items, each scored on a 5-point scale (0 to 4). Item scores are summed and total LEFS
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scores vary from 0 to 80, with higher values representing better functional status. The 
LEFS is a reliable and valid tool for assessing change in functional status. True 
clinically important change has occurred if the score changes 9 or more scale points 
from a previous score(51). In each corresponding timeline of the protocol the ranges of 
the LEFS scores are presented. These scores were derived from data on 55 ACLR 
patients between the ages of 18-65 years of age from our facility. The LEFS scores 
provided should not be used in isolation as they are intended to be an adjunct to the 
protocol, the functional testing guidelines and to sound clinical reasoning.
Pre-Opera tjve Rehabilita tion
Rehabilitation should commence prior to surgery. After an ACL injury, deficits occur in 
strength(39), proprioception*40,561, muscle timing(55) and gait pattems(13). In fact, strength 
and proprioceptive alterations occur in both the injured and uninjured limb*10,21,52,551. 
The primary impairment with an ACL deficient knee is instability. This is manifested by 
episodes of ‘giving way’, which can lead to further joint damage and ultimately, long 
term degenerative changes*19'. Research has demonstrated that physiotherapy provided 
pre-operatively is effective in increasing strength and balance which may limit the 
number the episodes of ‘giving way’ and decrease the incidence of re-injury in the ACL 
deficient knee*18,261. The main goals of a ‘pre-habildative’ program prior to surgery 
include: full range of motion equal to the opposite knee, minimal joint swelling, 
adequate strength and neuromuscular control, and a positive state of mind’4"'. All of 
these factors facilitate optimal post-operative recovery. It is important to maintain the 
highest level of strength and function possible in the unaffected leg as it will be used for 
comparison to assess the progress of the reconstructed knee, in the later stages of 
rehabil itation*22,231.
Range Of  Motion & Flexibility  ̂A1M)
After ACLR it is important to restore and maintain full range of motion (ROM) in the 
knee. Quadriceps re-training has been found to improve ROM in the early stages*441. 
Attaining/«// knee extension as early as possible is not deleterious to the graft or to joint 
stability*431 and may prevent patellofemoral pain and compensatory gait pathologies. A 
stretching program is incorporated to maintain lower extremity flexibility. Research 
recommends that a 30 second stretch is sufficient to increase ROM in most healthy 
people. It is likely that longer periods of time, or more repetitions, are required for those 
individuals with injuries or with larger muscles. Body mass has been shown to be 
positively correlated with muscle stiffness (i.e., the bigger the muscle, the more 
stiffness/tension there exists)*341. Therefore, for larger muscle groups in the lower 
extremity, it is suggested to increase in the number of repetitions (ie. 3-5 times) for 
optimal flexibility.
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Gait Retraining
Altered gait kinematics from quadriceps dysfunction is typical during the first stages 
post ACL reconstruction. Typical adaptations include reduced cadence, stride length, 
altered swing and stance phase knee ROM, and decreased knee extensor torque with hip 
and/or ankle extensor adaptations*11,13,15,30*. Early weight bearing is advocated post 
ACLR in an attempt to restore gait kinematics in a timely fashion, facilitate vastus 
medialis function and decrease the incidence of anterior knee pain(:°*.
Treadmill training in the middle stages of rehabilitation can further assist in normalizing 
lower extremity ROM across all joints, especially with incline or backwards walking. 
Backwards treadmill walking has been shown in the literature to increase ROM and 
increase functional quadriceps strength, while minimizing patellofemoral stress. It is 
also beneficial for specific retum-to-sport preparation requiring a re-training of 
backwards locomotion*49*.
M uscular S trength & Endurance Training
Muscle analyses of the quadriceps post ACL injury have shown: i) similar degrees of 
atrophy in both type I (oxidative/endurance) and II (glycolytic/fast-twitch) muscle 
fibres, and ii) physiological metabolic shifts in muscle fibres from glycolytic into 
oxidative compositions *35,50). This means that ACL rehabilitation must include variable 
training parameters, which range from an endurance program of low load/high 
repetitions to a strength oriented phase of high load/low repetitions to focus on these 
deficits.
Depending on the graft type used for ACLR (patellar tendon vs. 
semitendonosis/gracilis), specific strength deficits have been found. With the patellar
o
tendon graft, there are low velocity concentric extensor deficits specific to 60-95 ; with 
the hamstring graft, there are high velocity, eccentric flexor deficits specific to 60- 
95 v . Strengthening exercises need to be velocity, ROM and contraction specific to 
address these deficits.
• Open (OKC) and Closed (CKC) Kinetic Chain Exercises
OKC exercises have previously been contraindicated in ACLR patients for 6 
months up to a year post-operatively, although the concern about the safety of 
OKC training in the early period after ACLR may not be well founded. It was 
originally thought that OKC exercises increased anterior tibial translation, with the 
possibility of increasing strain on the new graft. However, research has 
demonstrated that there are minimal strain differences between OKC leg extension 
and CKC activities such as squatting*4,5*. With the addition of OKC training, 
subjects have shown increased quadriceps torque increases without significant 
increases in laxity*25 37*. Researchers are now advocating the addition OKC
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exercises, at the appropriate time and within a restricted range, to complement 
the classic CKC rehabilitative program0' j7,38).
• Quality vs. Compensation
Physiotherapists often feel compelled to progress patients by giving them new 
exercises each time they are in for therapy. It cannot be stressed enough that it is 
not beneficial to give patients exercises they are not neuromuscularly ready for. It 
is very important to observe the quality of the exercises that are being performed, 
specifically with CKC exercises. Weaknesses in specific muscle groups lead to 
compensations, which produce faulty movement patterns. These faulty patterns 
are then integrated into unconscious motor programs, which perpetuate the 
original weakness. Specifically, the research has indicated that knee extensor 
moment deficits are compensated for by hip and/or ankle extensor moments01,15). 
If these are allowed to occur and are not corrected, any joint or structure along the 
kinetic chain may be exposed to injury.
For example: A squat(16) or lunge must be performed with the trunk 
perpendicular to the ground (to avoid excessive hip flexion), the iliac crests 
must be level (to avoid Trendelenburg/hip hiking), and the knee must be 
over the foot with the tibia perpendicular to the floor (to avoid excessive 
dorsiflexion). It is better to decrease the range of movement (half squat vs. 
full squat) than to do the exercise at a level that is too difficult to perform 
correctly without compensation.
• Precautions with Hamstring Grafts
The typical donor graft for ACLR at this facility is the hamstring (semitendinosis / 
gracilis). Careful measures must be taken to avoid overstressing the donor area 
while it heals. Although, isolated hamstring strengthening is initiated around the 
six-week mark in this group, it is important for the therapist to be aware of the 
natural stages of healing. There may be too much stress too early if the patient 
reports pain at the donor site during or after specific exercises.
Neuromuscular & Proprioceptive Retraining
Ideally proprioception should be initiated immediately after injury (prior to surgery), as 
it is known that proprioceptive input and neuromuscular control are altered after ACL 
injury0 0,55). By challenging the proprioceptive system though specific exercises, other 
knee joint mechanoreceptors are activated that produce compensatory muscle activation 
patterns in the neuromuscular system that may assist with joint stability0*.
Post-operatively, proprioceptive training should commence early in the rehabilitation 
process in order to begin neuromuscular integration and should continue as 
proprioceptive deficits have been found beyond 1 year post ACLR01’15’21’32*.
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Proprioceptive exercises have been shown to enhance strength gains in the quadriceps 
and hamstring muscles post ACLR(,1,57). In the later stages of rehabilitation, anticipated 
and unanticipated perturbation training is effective in improving dynamic stability of the 
knee(8,18). A dynamically stable joint is the result of an optimally functioning 
proprioceptive and neuromuscular system and functional outcome has been proven to be 
highly correlated with balance in the reconstructed ACL(46).
Return to Sport
Gradual return to sport is initiated at the 6-9 month mark only if the individual’s knee 
does not present with pain or effusion, during or after functional sport specific training 
drills. LEFS scores should be 76 points or greater at this point in rehabilitation. The 
individual must also be able to demonstrate the appropriate strength and endurance 
needed for their specific sport. This recommendation is based on the evidence that knee 
cartilage and subchondral bone are damaged during the initial ACL trauma and may 
need additional time to recover in order to minimize the predisposition for future joint 
arthrosis(17,54’58).
A further consideration when returning the patient to sport is that a cautionary approach 
should be taken with the use of the uninjured limb as a comparison for a rehabilitation 
endpoint. It has been demonstrated in the literature that a significant detraining effect 
occurs in the quadriceps and hamstring muscles in both injured and uninjured 
extremities(22).
Bracing
Bracing should be discussed with the physiotherapist and surgeon prior to return to 
sport or strenuous activities post ACLR. The decision will be dependent on a number of 
factors including: type of sport, position, activity level and complexity of the initial 
injury. Some surgeons may recommend a rigid, functional knee brace or a neoprene 
sleeve. Research has demonstrated that a rigid knee brace does not provide superior 
outcomes when compared with a neoprene sleeve after ACLR<6). Bracing has not been 
proven to prevent re-injury or improve clinical outcomes after ACLR<33). However, 
there is evidence that any type of knee bracing (rigid /soft) improves proprioception 
measuresv ’ \
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LEFS range: 14-24
0-2 WEEKS
> GOALS
• Patient education re: weight-bearing status; changes to rehab guidelines with any 
concurrent pathologies (i.e. PF pain, MCE injury, meniscal repair vs 
debridement, etc.)
• Decrease pain and swelling
• Increase range of motion & restore full extension*
• Maintain flexibility of hamstrings, calves
• Quadriceps activation(44)
• Proprioceptive/balance re-education(46)
• Maintain cardiovascular fitness
> EXERCISE SUGGESTIONS 
ROM & Flexibility
*Remember - It is important to restore and maintain range o f motion early, 
especially full extension. This is not detrimental to the graft or its stability <43).
• Heel slides (+/- slider board)
• Supine with legs up wall -  heels slides with gravity assisted
• Bike pendulums: high seat 14 circles forward/backward -> full circles -  lower 
seat
• Sitting passive leg extension with roll under heel OR prone leg hangs off end of 
bed/plinth
• Seated calf stretch with towel - knee bent (soleus), knee straight (gastrocnemius)
• Seated hamstring stretch (back straight)
Muscle Strength & Endurance
Quadriceps/Hamstrings:
• Quadriceps and hamstring co-contraction(2,41)
• Quadriceps isometrics(44) in standing/sitting/lying + /- muscle stimulation or 
biofeedback
• Sit to stand -  progress by gradually decreasing height of seat
• Static lunge forward/side
• Mini wall squat (30°)
• Shuttle™: (one bungee cord) -  2 leg squat (lA - !4 range) and 2 leg calf raises 
Hip/Gluteals:
• Side lying abduction/adduction
• Gluteal squeezes supine or standing
• Prone hip extension
• Standing hip flexion/extension, abduction/adduction
Calves: •
• Ankle pumping +/- with leg elevation
• Standing calf raises with/without support
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0-2 WEEKS continued
Proprioception
With balance drills on unstable surfaces, be aware o f and correct poor balance 
responses such as hip hiking with INV/EVER and trunk extension with DF/PF.
• Single leg stance 30-60 seconds
• Wobble boards with support (table, bars, poles) through full ROM: side-to-side, 
forward/backward
Gait
I f  patient has an antalgic gait pattern with use o f 1 crutch, keep patient on 2 
crutches until they can exhibit normal gait with 1 crutch. •
• Weight shifting: side-to-side and forward/backward<28)
• Progress from 2 crutches to 1, always maintaining normal walking pattern
Modalities
• Ice 15-25 minutes(24)
• Interferential current therapy (pain relief)
• Muscle Stimulation*49*
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L E F S  range: 3 2 -5 0
3-6 WEEKS
> GOALS
• Achieve near or full ROM in knee flexion and extension
• Continue flexibility exercises of other joints
• Continue strengthening exercises with control: hip, hamstrings, quadriceps, 
calves
• Strengthen non injured leg (documented strength losses in unaffected limb)(22)
• Progress proprioception
• Normal WB gait
• Maintain cardiovascular fitness
> EXERCISE SUGGESTIONS
ROM & Flexibility
• Continue as needed with slider board
• Continue on the bike full with circles forward/backward - begin to lower seat
• Prone assisted knee flexion (belt, opposite leg)
• Progress to standing stretches for gastrocnemius (knee straight) and soleus (knee 
bent), ensure back foot is straight
• Progress to a standing hamstring stretch (keep back straight)
• Assisted quadriceps stretch in prone or in standing
• Patellar and/or tibial-femoral joint mobilizations if needed to achieve terminal 
ROM (no ACL strain with passive movement)' ’*
Muscle Strength &  Endurance
Quadriceps:
• Progress on Shuttle™ from 2-1 leg squats/calf raises, increase range of motion 
and resistance as tolerated
• Sit-to-stand with muscle stimulation149*
• Leg press machine: low weight 2 legs (Vi -  % range)
• Wall squats with feet 12” from wall (45°-60°)
• Forward and lateral step-ups 2-4" (push body weight up through weight bearing 
heel slow and with control, also watch for hip hiking or excessive ankle 
dorsiflexion)(4)
Hamstrims/Gluteals:
• Prone assisted hamstrings (with belt, opposite leg)
• Hip strengthening with pulleys or ankle weights - all directions (do not allow a 
lot of trunk swaying)
• Supine on floor legs on swiss ball: isometric hamstrings/gluteals - progress to 
bridging (if pain free at donor site)
Calves:
S tan d in g  c a l f  ra ise s  2-1 fo o t
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3-6 WEEKS continued
Proprioception
Progression o f balance retraining should be from:
looking forward looking away, eyes open eyes closed, on a stable base on an
unstable base
• Continue with full ROM on wobble boards with decreased support - progress to 
maintaining balance on board
• Standing 747 eyes open/closed -  progress to mini trampoline
• Dynadisc™ or BOSU™ (round) 2 leg balance -> weight shift forward/backward, 
side-to-side, eyes open/closed -> progress to mini squats (0-30°)
• Standing on Vi foam roller: balance-^ rocking forward/backward
Gait
*Full knee extension is needed for normal gait.
• “Cup walking”' 14): forced exaggeration of knee and hip flexion during the swing 
phase of gait rather than a rigid knee with a compensatory hip hike (may use 
plastic cups/mini pylons/foam rollers to walk over to accentuate hip/knee 
flexion)
• Progress from a single crutch to full weight bearing. Ensure NO antalgic gait 
pattern
Cardiovascular Fitness
• Bike with increasing time parameters
• May start elliptical trainer and progress to Stairmaster™<36) if adequate strength 
has been achieved (must have no hip hiking when pressing down on step)
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6-9 WEEKS
L E F S  ran g e : 4 5 -5 9
> GOALS
•  F u ll an d  p a in  free  k n e e  ran g e  o f  m o tio n
•  F u n c tio n a l q u a d ric e p s  s tren g th
•  In itia te  iso k in e tic  q u a d ric e p s  s tren g th en in g  in  a  specific & limited ra n g e (37) 
**only if. R O M  is fu ll, no  sw ellin g , ad eq u a te  m u sc le  co n tro l, an d  n o  m en isca l o r  
p a te llo fe m o ra l p a th o lo g y
•  A d d re ss  d o c u m e n te d  q u ad ric ep s  s tren g th  d e fic its  (h ig h  an d  lo w  v e lo c ity , 
c o n ce n tric  an d  e c c en tric , 0 - 9 5 ° /23)
•  C o n tin u e  s tre n g th e n in g  lo w e r ex trem ity  m u sc le  g ro u p s , sp ec ifica lly  th ro u g h  fu ll 
ran g e  h a m str in g s /q u a d ric e p s  (w ith o u t p a in  a t d o n o r  site )
•  A d v an ce  p ro p r io c e p tio n  ex erc ises
•  In c rea se  c a rd io v a sc u la r  fitn ess
> EXERCISE SUGGESTIONS 
ROM &  Flexibility
•  M o b iliz a tio n s  i f  n e ed e d  to  ach iev e  en d  ran g es
Muscle Strength & Endurance
Quadriceps:
• Terminal extension with tubing -  forward and backward facing
• Shuttle™: full and inner range squats, 2 -> 1 leg, increasing resistance
• Walking in Bungee™ cord forward/backward/side step with slow control on 
return
• Funging in Bungee™ -  forward/backward/diagonal
• Step-ups 6-8”step forward/lateral (vertical trunk, watch for hip hiking or 
excessive ankle dorsiflexion)
• Eccentric lateral step down on 2 -> 4 -> 6" step with control (watch for hip 
hiking or excessive ankle dorsiflexion/15)
• Static Funge (54 - 54 range) progress to dynamic lunge step (54  -  54 range) 
with proper trunk and leg alignment
• Full wall squats to 90°
• Initiate isokinetic program if patient is appropriate and equipment is available 
(see reference for timelines and ROM restrictions/37’• **
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6-9 WEEKS continued
Hamstrinss/Gluteals:
• Continue hip strengthening with increased weights/tubing resistance
• Supine on floor legs on swiss ball: bridging plus knee flexion (heels to buttocks)
• Prone active hamstring curls -  progress with 1-2 lb weights
• Standing hamstrings curls -  when able to attain 90° ROM against gravity add 1- 
2 lb weights
• Sitting hamstring curls with light tubing/pulley system for resistance
• Fitter™: hip abduction and extension (poles for support)
• Shuttle™ standing kick backs (hip/knee extension)
• Tubing kickback (mule kicks)
Calves:
• Shuttle™ heel drops 2 -> 1 leg
• Mini trampoline: weight shift heel drops/bouncing 
Proprioception
• Continue on wobble boards and begin to add basic upper body skills (i.e. 
throwing)
• Mini trampoline: single leg stance, +/- Bodyblade™ above/below head
• BOSU™ marching: progress with high knees
• Progress Dynadisc™ or BOSU™ 1 leg balance with/without support
• Dynadisc™ or BOSU™ squats (60-90°)
• Dynadisc™ or BOSU™ stand on 2 legs, with throwing to Rebounder™
Hydrotherapy / Pool
•  K n ee  R O M
•  W alk in g  fo rw ard /b ack w ard , s ta tic  lu n g e , lu n g e  w a lk in g , sq u ats , s ide  shu ffles , 
s tep  u p /d o w n , c a l f  ra ise s  (2-1 foo t)
•  H ip  ex ten s io n /f le x io n , ad d u c tio n /a b d u c tio n
•  D eep  w ate r: s tr id e  w a lk in g , cy c lin g , f lu tte r  k ic k
Cardiovascular Fitness
•  B ik e , in c re a s in g  tim e  o r  re s is tan ce
•  S ta irm aste r™ : fo rw ard /b ack w ard  -  p ro g re ss  to  n o  h an d  su p p o rt
•  S w im  - F lu tte r  k ic k  o n ly
•  P o o l j  o g g in g  -  d eep  w a te r  j  o g g in g
•  T re a d m ill -  w a lk in g , in c re a se  sp eed  + / -  v isu a l (m irro r) o r au d ito ry  (m e tro n o m e) 
fe e d b a c k (12,20)
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L E F S  ran g e : 55 -66
> GOALS
• Continue flexibility exercises
• Quadriceps strength progression
• Address documented hamstring strength deficits (high speed, eccentric 95-
6 o ° ) (23)
• Continue lower chain concentric/eccentric strengthening of quadriceps & 
hamstrings, both inner range (60-95°) & full range
• Proprioceptive progression
•  S p o rt sp ec ific  c a rd io v a sc u la r  fitness
> EXERCISE SUGGESTIONS
Muscle Strength & Endurance
Quadriceps:
• Progress resistance of Shuttle™: full ROM and inner range (60-95°), working on 
strength & endurance, 2 -> 1 leg
• Static Lunge (full range) -> dynamic lunge -> lunge walking all with proper 
trunk and leg alignment
• Backward step up 4-6-8”step
• Clock face lunges with Bungee™ using mini pylon markers
• Quick walk forward/backward with Bungee™
• Quick side stepping with Bungee™
• Quick lunge forward with control (upright trunk, no forward thrust, no hip 
hiking)
• Eccentric Bungee™
• Eccentric step down with control on 6 -> 8” step
• Shuttle™ jumping (low resistance) 2 legs ->altemate legs (jogging) ->single leg
• Shuttle™ ski hops (side-to-side)
• Continue / progress isokinetic program if patient is appropriate and equipment is 
available (see reference for timelines and ROM restrictions/371• **
Hamstrinss/Gl uteals:
• Prone/standing pulley knee flexion
• Chair walking
• Prone eccentric hamstrings with pulleys/tubing, alternating inner range and full 
range
• Hydrafitness™ (hamstrings & quadriceps): 90-30°, resistance 1-3
• Continue hip strengthening with increased weights/tubing resistance
9-12 WEEKS
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9-12 WEEKS continued
•  S ittin g  an d  s tan d in g  h a m str in g  cu rls  -  B u n g ee™ /p u lle y s / w e ig h ts  s ittin g  an d  
s tan d in g  p o s itio n s  - a d d re ss  fu ll ran g e  co n ce n tr ic a lly  an d  in n e r ran g e  fro m  95- 
60° e c c e n tr ic a lly  an d  h ig h  v e lo c ity  ( i f  p a in  free  &  w ith o u t d ifficu lty )
•  S u p in e  e c c en tric  h am str in g s  w ith  k n ee  in  ex ten s io n
Calves:
•  E cc en tr ic  h ee l d ro p s
Proprioception
• On boards/Dynadisc™/BOSU™/foam roller/mini trampoline: catch and throw (2 
hands/1 hand) at varying angles and directions with partner or using rebounder
• Dynadisc™ or BOSU™ throwing on rebounder feet side-to-side, 
forward/backward, 2-1 foot
• Perturbation drills<8,42) with tubing on boards/ Dynadisc™/BOSU™ /foam 
roller/mini trampoline
• Single leg stance on Dynadisc™ or BOSU™ with unaffected leg performing 
kicking drills + /- tubing/pulleys
• Single leg stance on Dynadisc™ or BOSU™ performing kicking drills +/— 
tubing/pulleys
• Single leg stance on Dynadisc™ or BOSU™ performing higher end upper body 
skills
Hydrotherapy / Pool
• Increase time, speed, repetitions of exercises
• Pool running
Cardiovascular Fitness
• Bike: increased resistance and time parameters
• Fitter™: slalom skiing without ski pole support
• Treadmill walk + /- incline12̂  -> quick walk
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12-16 WEEKS
L E F S  ran g e : 5 5 -6 6
> GOALS
• Continue with flexibility exercises for the lower chain
• Continue strengthening of the lower chain
• Sport specific quadriceps & hamstrings strengthening
• Sport specific proprioception training
• Sport specific cardiovascular fitness
> EXERCISE SUGGESTIONS 
Muscle Strength & Endurance
• Continue with concentric and eccentric strengthening of hamstrings and 
quadriceps, working through full & inner range
• Backward lunge -  progress to backward lunge walking (with proper trunk and 
leg alignment)
• Bungee™ jogging - progress to running
• Split squat jumps -  progress to BOSU
• Single leg drop landing 2” step
Agility
Agility is the ability to move, and change direction and position o f the body 
quickly and effectively with control.
•  L ad d e r  d r ills  -  fo rw ard /b ack w ard , s id e -to -s id e  (fo cu s  o n  fo o tw o rk /sp eed /tim in g )
•  2 le g g ed  la te ra l an d  fo rw ard  ju m p in g
•  S id e  s tep -o v e rs  (h u rd le )  -  p ro g ress  to  s id e  h o p -o v e rs
•  C a rio c a  p a tte rn in g
•  T u ck  ju m p s
•  S k ip p in g
•  In itia te  2 le g g e d  h o p  te s ts  (h o p  fo r d is ta n ce , 6 -m  tim e d  h o p , tr ip le  h o p , c ro sso v e r 
h o p ) p r io r  to  s in g le  leg  h o p  te s ts  in  n e x t s tag e  - en su re  p a tte rn in g  an d  la n d in g  is 
p ro f ic ie n t p r io r  to  1 leg  p ro g re ss io n
Proprioception
•  M in i tram p o lin e : 2 fee t ju m p  &  land  -^ jo g g in g  ->  1 leg  h o p p in g  (1 L /1 R , 2 L /2 R , 
3 L /3 R .. .)
•  C o n tin u e  p ro g re ss in g  sk ill d ifficu lty
12-16 WEEKS continued
• Single leg stance -  tap down clock drill with mini pylons
• Dynadisc™ or BOSU™: 1 leg balance with upper body or opposite leg skill i. 
throwing, phantom kicking with Bungee™ resistance, hockey shot....
Hydrotherapy / Pool
• Progress to plyometrics: 2 leg hopping, forward/backward/side-to-side
• Split squat jumping
Cardiovascular Fitness
• Bike -  standing with interval training
• Sport specific cardiovascular training: aerobic vs. anaerobic training
• Jogging -  straight on flat ground, no cuts/no downhill
• Treadmill -  jog -> interval running^ running
*Note : Progression to running may only occur once a symmetric and proficient 
pattern has been attained to prevent abnormal tissue/joint loading in the lower 
extremity. Running should NOT be initiated i f  swelling, loss o f motion or 
patello-femoral pain is present.
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16-20 WEEKS
LEFS range: 61-76
> GOALS
• Sport specific quadriceps, hamstrings and lower chain strengthening progressing 
to plyometrics
• Proprioception training
• Sport specific cardiovascular fitness
> EXERCISE SUGGESTIONS 
Muscle Strength & Endurance
• Continue with lower extremity strengthening with specific emphasis on client- 
specific deficits
• 2 -> 1 leg progression for all exercises 
Plyometrics and Agility
Plyometrics are exercises that enable a group o f muscles to reach maximal strength 
in as short a time as possible. They help bridge the gap between speed and strength 
training. Adequate concentric & eccentric strength is essential before initiating 
plyometrics. I f  needed, start them in the pool in shallow water to decrease stress on 
the tibiofemoral andpatellofemoral joints; otherwise initiate on land as tolerated.
Agility drills should commence by introducing proper footM>ork, timing and 
speed. Once the client is able to successfully and appropriately run in a straight 
line, without difficult, non-linear activities may be initiated, such as cutting and 
pivoting. These drills should commence by introducing large angles and low 
speeds (ie. large figure 8s) and progress to more advanced drills with sharper
angles and increasing speeds!2n>
• Ladder drills -  incorporate lateral movements/diagonals, adding single leg and 
crossover patterns
• Running/lunging/vertical jump/ run-plant-sidestep with Bungee™ - may 
incorporate upper/lower body skill -  kicking, jumping, catching, pass & shoot
• Shuttle™ hopping 2 -  alt -  1 (high resistance, increased speed)
• Shuttle™ Ski hops (high resistance, increased speed)
• Carioca Va jog
• Mini trampoline: 2 leg jump o f f -  2 leg land with progression to one leg land 
on/off balance pad/BOSU (watch for proper landing mechanics)
• Single leg forward and lateral hopping
• Hop tests: single hop, 6-m timed hop, triple hop, crossover hop
• Vertical jumps -  single leg
• Box hop up /down
• Box jump down with sprint forward
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16-20 WEEKS continued
• Box drop jump 2 legs with proper form may progress to drop jump with vertical 
hop for maximum height
• Single leg drop landing 4-6-8-10” step
Proprioception
• Continue progressions e.g. mini trampoline with upper skills
• Forward hop and lateral hop -  maintain balance for 5 sec on landing
• Cutting drills with quick stop and maintain balance
• Bungee™ run plant/push off L&R
Cardiovascular Fitness
• Increase distance, duration or intensity with bike, Stairmaster™, treadmill, 
outdoor running/cycling depending on the demands of the particular sport
• Treadmill: running -> sprinting: assess sprinting form - should have normal 
pain-free rhythmic stride (audible monitoring of foot contact)<20)
• Jogging and running on an uneven surface
• Jogging with turns 90/180/360°
• Jogging and cutting with 45° change of direction
• Acceleration and deceleration running, add on tight turns and hills as tolerated
• Cycling outdoors
• Swimming - no whipkick
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LEFS range: 61-76
> GOALS
• Adequate cardiovascular fitness, strength, power, agility neuromuscular 
control, symmetry and stability
• Continue with upper body strengthening
• Back to sport practice for upper skills (as able)
• Return to sport skills on own at practice with minimal risk of re-injury
> EXERCISE SUGGESTIONS
Plyometrics and Agility
• Single leg drop jump 6” step
• Large Figure 8's
• Carioca running full speed
• Last minute decision drills
• 2 and 1 foot hopping with control
• Forward and lateral hop with control and comparable distance L&R
• Triple jump and landing with control and comparable distances L&R
• Single limb hop for distance (within 15% of uninvolved side)
• Single-limb crossover triple hop for distance (within 15% of uninvolved side)
• Single-limb timed hop over 6 m (within 15% of uninvolved side)
• Single limb vertical power hop (within 15% of uninvolved side)
• Single limb drop landing (within 15% of uninvolved side)
• Single limb drop-jump
• 10 second single limb maximum vertical hop (both sides)
20-24 WEEKS
Direct correspondence to:
M. Werstine
HBSc(Kin), BHSc(PT), Masters Manip Ther (AUS), MSc, FCAMT
Fowler Kennedy Sport Medicine Clinic
Physiotherapy Department
3M Centre, UWO
London, Ontario, Canada
N6A 3K7
Phone: XXX-XXX-XXXX xXXXXX 
Fax: XXX-XXX-XXXX
To request a copy in p d f email: fowlerkennedvotfa),email. ca
Appendix E: ACL Quality of Life Questionnaire
patient id: n □ n □ □ i.i □ □ ninwais: i | Date: □ [ ..
Y Y Y Y M M  DD
ACL Quality of Life Questionnaire
DIRECTIONS:
Please answer each question with respect to the current status, function 
circumstances and beliefs surrounding your anterior cruciate deficient knee.
Consider the last three months and indicate with a mark on the line, the point ranging 
from 0-100 which most closely represents your situation.
Symptoms and physical complaints
Mark at the extreme left of the line if you are experiencing the symptoms to an 
extreme degree. If you are not experiencing the symptom, then the mark should be 
placed to the extreme right of the line.
1. With respect to your overall knee function, how troubled are you by giving way 
episodes?
a: Severity
major giving way 
episodes
b: Frequency
constantly giving way 0 100 never giving way
100 n° S ivin£ waY 
episodes
2. With any kind of prolonged activity (ie. greater than half an hour) how much pain or 
discomfort do you get in your knee?
severe pain 0 100 no pain
3. With respect to your overall knee function, how much are you troubled by stiffness 
or loss of motion in your knee?
severely troubled 0 100 not troubled at all
4. Consider the overall function of your knee and how it relates to the strength of your
muscles: How weak is your knee?
extremely weak 0 100 not weak at all
Work/School related concerns
The following questions are being asked with respect to your job or vocation. The 
questions are concerned with your ability to function at work and how your knee has 
affected your current work situation. If you are a full-time student/homemaker 
consider this and any part-time work together. Consider the last three months.
if you are currently not employed for reasons other than knee then check in this box
□
5. How much trouble do you have with turning or pivoting motions at work because of 
your knee?
severely troubled 0 100 no trouble at all
6. How much trouble do you have with squatting motions at work because of your 
knee?
severely troubled 0 100 no trouble at all
7. How much of a concern is it for you to miss days from work/school, due to 
problems or reinjury to your knee? (Select 0 if you are unable to work because of your 
knee.)
an extremely significant ^ ^  no concern at
concern all
8. How much of a concern is it for you to lose time from school or work because of 
the treatment of your ACL deficient knee?
an extremely significant 
concern
Recreational activities and sport participation or competition
The following questions are concerned with your ability to function and participate in 
these activities as they relate to your anterior cruciate deficient knee. Consider the 
last three months.
9. How much limitation do you have with sudden twisting and pivoting movements or 
changes in direction?
totally limited 0 100 no limitations
100 noconcern at 
u all
10. How much of a concern is it for you that your sporting/recreational activities may 
result in the status of your knee to worsen?
an extremely significant no concern at
concern 100 all
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11. How does your current level of athletic or recreational performance compare to 
your pre-injury level?
totally limited 0 100 no limitations
12. With respect to the activities or sports that you currently desire to be involved 
with, how much have your expectations changed because of the status of your knee?
totally lowered 0 100 not lowered at all
13. Do you have to play your recreation/sport under caution? (Select 0 if you are 
unable to play recreation/sport because of your knee.)
always 0 100 never
14. How fearful are you of your knee giving way when playing recreation/sport? 
(Select 0 if you are unable to play recreation/sport because of your knee.)
extremely fearful 0 100 no fear
15. Are you concerned about environmental conditions such as playing field, a hard 
court or type of gym floor when involved in your recreation/sport? (Select 0 if you are 
unable to play recreation/sport because of your knee.)
extremely concerned 0 100 not concerned at all
16. Do you find it frustrating to have to consider your knee with respect to your 
recreation/sport?
extremely frustrated 0 100 not frustrated at all
17. How difficult is it for you to go "full out" at your recreation/sport? (Select 0 if you 
are unable to play your recreation/sport because of your knee.)
extremely difficult 0 100 not difficult at all
18. Are you fearful of playing contact sports?
Check N/A if you do not play contact sports for reasons other than your knee. 1—1 
N/A
extremely fearful 0 100 no fear at all
The following questions are specifically asking about the 2 most important sports or 
recreational activities that you do or that you wish to do. Please list them in order.
1.____  __________
2.
135
19. How limited are you in playing the number "1" sport/activity? (Select 0 if you are 
unable to play recreation/sport because of your knee.)
extremely limited 0 100 not limited at all
20. How limited are you in playing the number "2" sport/activity? (Select 0 if you are 
unable to play recreation/sport because of your knee.)
extremely limited 0 100 not limited at all
Lifestyle
The following questions are concerned with your lifestyle in general and should be 
considered outside of your work/schoo! and recreation/sport activities as they relate 
to your anterior cruciate deficient knee.
21. Do you have to concern yourself with general safety issues (ie. carrying small 
children, working in the yard) with respect to your ACL deficient knee?
extremely concerned 0 100 no concern at ail
22. How much has your ability to exercise and maintain fitness been limited by your 
knee problem?
totally limited 0 100 not limited at all
23. How much has your enjoyment of life been limited by your knee problem?
totally limited 0 100 not limited at all
24. How often are you aware of your knee problem?
all of the time 0 100 none of the time
25. Are you concerned with your knee with respect to lifestyle activities that you and 
your family do together?
extremely concerned 0 100 no concern at all
26. Have you modified your lifestyle to avoid activities that are potentially damaging to 
your knee?
totally modified 0 100 no modifications
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Socio! ond emotional
The following questions are being asked about your attitudes and feelings as they 
relate to your anterior cruciate deficient knee.
27. Does it concern you that your competitive needs are no longer being met because 
of your knee problem? (Select 0 if you are unable to play recreation/sport because of 
your knee.)
extremely concerned 0 100 no concern at all
28. Have you had difficulty being able to psychologically “come to grips“ with your 
knee problem?
extreme difficulty 0 100 no difficulty at ali
29. How often are you apprehensive about your knee?
all of the time 0 100 none of the time
30. How much are you troubled with lack of confidence in your knee?
severely troubled 0 100 no trouble at all
31. How fearful are you about reinjuring your knee?
extremely fearful 0 100 no fear at all
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PatientID:□ □ □ □ □ □ □ □ □ !nitials:| 11 1 Date:
YYYY M M  DD
Lower Extremity Functional Scale (LEFS)
Appendix F: Lower Extremity Functional Scale (LEFS)
We are interested in knowing whether you are having any difficulty at all with the 
activities listed below because of your lower limb problem for which you are currently 
seeking attention. Please provide an answer for each activity.
Today, do  yo u  o r  w o u ld  you have a n y  d ifficu lty  a t  a ll w ith:
Extreme
difficulty 
or unable 
to
perform
Quite a bit Moderate A little bit of
difficulty
No
of
difficulty
difficulty difficulty
1. Any of your usual work, 
housework, or school activities
0 0 0 0 0
2. Your usual hobbies, 
recreational or sport activities
0 ■ 0 o 0 0
3. Getting into or out of the bath 0 0 0 0 0
4. Walking between rooms 0 0 0 0 0
5. Putting on your shoes or socks 0 0 0 0 0
6. Squatting 0 0 0 o 0
7. Lifting an object, like a bag of 
groceries from the floor
0 0 0 0 0
8. Performing light activities 
around your home
0 0 o 0 0
9. Performing heavy activities 
around your home
0 0 0 0 0
10. Getting into or out of a car 0 o 0 0 0
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11. Walking 2 blocks 0 0 0 0 0
12. Walking a mile o o o o o
13. Going up or down 10 stairs 
(about 1 flight of stairs)
0 0 o o 0
14. Standingforl hour 0 0 0 o 0
15. Sitting for 1 hour 0 0 0 0 0
16. Running on even ground 0 0 0 0 0
17. Running on uneven ground 0 o o o 0
18. Making sharp turns while 
running fast
0 o 0 o 0
19. Hopping o o o o o
20. Rolling over in bed 0 o o 0 0
Appendix G: IKDC Subjective Knee Form
Y Y Y Y M M  D D
IKDC Subjective Knee Form
Symptoms
Grade symptoms at the highest activity level at which you think you could function 
without significant symptoms, even if you are not actually performing activities at this 
level.
1. What is the highest level of activity that you can perform without significant knee 
pain?
O Very strenuous activities like jumping or pivoting as in basketball or soccer 
O Strenuous activities like heavy physical work, skiing or tennis 
O Moderate activities like moderate physical work, running or jogging 
O Light activities like walking, housework or yard work 
O Unable to perform any of the above activities due to knee pain
2. During the past 4 weeks, or since your injury, how often have you had pain?
0 1 2 3 4 5 6 7 8 9  10
Never OOOOOOOOOOO Constant
3. If you have pain, how severe is it?
0 1 2 3 4 5 6 7 8 9  10 
No pain OOOOOOOOOOO Worst pain imaginable
4. During the past 4 weeks, or since your injury, how stiff or swollen was your knee? 
O Not at all
O Mildly 
O Moderately 
Overy 
O Extremely
5. What is the highest level of activity that you can perform without significant 
swelling in your knee?
O Very strenuous activities like jumping or pivoting as in basketball or soccer 
O Strenuous activities like heavy physical work, skiing or tennis 
O Moderate activities like moderate physical work, running or jogging
O Light activities like walking, housework or yard work 
O Unable to perform any of the above activities due to knee pain
6. During the past 4 weeks, or since your injury, did your knee lock or catch?
O  Yes G n o
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7. What is the highest level of activity you can perform without significant giving way 
in your knee?
O  Very strenuous activities like jumping or pivoting as in basketball or soccer 
O Strenuous activities like heavy physical work, skiing or tennis 
O Moderate activities like moderate physical work, running or jogging 
O Light activities like walking, housework or yard work 
0 Unable to perform any of the above activities due to knee pain 
Sports Activities
8. What is the highest level of activity you can participate in on a regular basis?
O Very strenuous activities like jumping or pivoting as in basketball or soccer 
O Strenuous activities like heavy physical work, skiing or tennis
U  Moderate activities like moderate physical work, running or jogging 
O Light activities like walking, housework or yard work 
O  Unable to perform any of the above activities due to knee pain
9. How does your knee affect your ability to:
Not
difficult at 
all
Minimally
difficult
Moderately
difficult
Extremely
difficult
Unable 
to do
a - Go up stairs: o o o o o
b - Go down stairs: o o o o o
c - Kneel on the front of 
your knee: o o o o o
d - Squat: o o o o o
e - Sit with your knee 
bent: o o o o o
f - Rise from a chair: o o o o o
g - Run straight ahead o o o o o
h - Jump and land on 
your involved leg: o o o o o
i - Stop and start 
quickly o o o o o
Function
10. How would you rate the function of your knee on a scale of 0 to 10 with 10 being 
normal, excellent function and 0 being the inability to perform any of your usual daily 
activities which may include sports?
FUNCTION PRIOR TO YOUR KNEE INJURY:
0 1 2 3 4 5 6 7 8 9  10
Cannot perform0 0 0 0 0 0 0 0 0 0 0  
daily activities
No limitations 
in daily activities
CURRENT FUNCTION OF YOUR KNEE:
0 1 2 3 4 5 6 7 8 9  10
Cannot perform q q q q q q q q q q q  
daily activities
No limitations 
in daily activities
Appendix H: SF-12 Health Survey
Patient ID: [ ][ j j ! 1 ‘ Initials: |[ Date: JL j L J L j ' i " -
SF-12 Health Survey
1. In general, would you say your health is
O Excellent O Very Good O Good O Fair O Poor
2. The following items are about activities you might do during a typical day. Does 
your health now limit you in these activities? If so, how much?
Yes, Yes, limited No, not
limited a a little limited at all
lot
2.1 Moderate activities, such as moving a table, 
pushing a vacuum cleaner, bowling, or playing 
golf
o o o
2.2 Climbing several flights of stairs o o o
3. During the past 2 weeks, have you had any of the following problems with your 
work or other regular daily activities as a result of your physical health?
All of Most of Some of A little of None of
the time the time the time the time the time
3.1 Accomplished less than you 
would like
o o o o o
3.2 Were limited in the kind of o o o o o
work or other activities
4. During the past 2 weeks , have you had any of the following problems with your 
work or other regular daily activities as a result of any emotional problems (such as 
feeling depressed or anxious}?
All of Most of Some of A little of None of
the time the time the time the time the time
4.1 Accomplished less than you 
would like
o o o o o
4.2 Didn't do work or other 
activities as carefully as usual
o o o o o
5. During the past 2 weeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)?
Not at all A little bit Moderately Quite a bit Extremely
o o o o o
6. These questions are about how you feel and how things have been with you during 
the past 2 weeks. For each question, Please give the one answer that comes closest 
to the way you have been feeling.
How much of the time during the past 2 weeks...
All of the Most of Some of A little of None of
time the time the time the time the time
6.1 Have you felt calm and 
peaceful?
o o o o o
6.2 Did you have a lot of 
energy?
o o o o o
6.3 Have you felt 
down-hearted and low?
o o o o o
7. During the oast 2 weeks, how much of the time has your physical health or 
emotional problems interfered with your social actvities (like visiting with friends, 
relatives, etc.)?
07.1  All of the time
0 7.2 Most of the time
O  7.3 Some of the time
O 7.4 A little of the time
O 7.5 None of the time
4-Item Pain Intensity Measure
When answering these questions, think only of the pain you are 
experiencing in relation to the problem for which you are having treatment.
On average, how bad has your pain been:
In the morning over the past 2 days?
no p a i n O 0 O l O 2 O 3 O 4 O 5 O 6 O 7 O s O 9 O l 0  pain as bad as it can be 
In the afternoon over the past 2 days?
no p a i n O 0 O l O 2 O 3 O 4 O 5 O 6 O 7 O 8 O 9 O l 0 p a i n  as bad as it can be 
In the evening over the past 2 days?
no p a i n O 0 O l O 2 O 3 O 4 O s O 6 O 7 O 8 O 9 O l 0  pain as bad as it can be 
With activity over the past 2 days?
no p a i n O o O  1 O 2O 3O 4O 5 O 6O 7 O 8O 9 0 10 pain as bad as it can be
Appendix I: 4-Item Pain Intensity Measure (P4)
